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Table Grapes (Vitus vinifera) are highly valued horticulture crops world-wide. Often, 
table grape production in the southern United States is restricted due to climate and pest 
issues. Viticulture production could be expanded to this region by the use of controlled 
environment growing systems, such as high tunnels (HT). The objective of this project was to 
evaluate the effectiveness of HT systems for grape cultivation and compare the effects of 
different cluster thinning treatments on vines. In this two-year study, the cultivars Faith, 
Gratitude, Hope, and Jupiter were grown in HT systems and assessed for postharvest qualities 
at harvest and during storage. For this research, the table grapes were grown on a Geneva 
Double Curtain trellis system in two HT systems (University of Arkansas Agricultural Research 
and Extension Center, Fayetteville and a private farm in Cabot) in Arkansas (USDA hardiness 
zones 7a and 7b). In Fayetteville, two cluster thinning treatments: none (Trt 1) and pea-sized 
berry (Trt 2) were applied to the vines. In Cabot, three cluster thinning treatments: none (Trt 1), 
pea-sized berry (Trt 2), and veraison (Trt 3) were applied to the vines. Four kg of grapes were 
harvested from each location in July 2018 and August 2019. For each location, two clusters 
were placed in a 0.9 kg vented clamshell in triplicate for composition and marketability 
analyses. Fruit was evaluated for composition at harvest and marketability attributes during 
storage (0, 7, 14, and 21 days) at 2 °C. Two clusters per clamshell were evaluated in triplicate 
for physiochemical attributes (berry weights and texture), marketability attributes (decay, and 
berry drop), color (L*, chroma, and hue), and organic acids and sugars (HPLC). These cultivars 
differed in post-harvest characteristics. The cultivar Jupiter exhibited large berry size, high 
ratios of sugars to acids, but had high levels of berry drop. The cultivar Gratitude had firm 
 
berries with rich coloration. ‘Faith’ had the highest decay levels and a dullest color saturation, 
which diminished further during storage.  ‘Hope’ had low decay and rich coloration. In both 
locations, decay increased during storage for all cultivars. Cluster thinning at both sites 
appeared to have minimal impact, indicating that this practice may not be necessary for high-
tunnel grown table grapes. Based on these observations, high tunnel technology may be a 
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  Viticulture, the cultivation of grapes, has been a common practice worldwide for 
centuries. Grapes have long been enjoyed as a versatile and flavorsome crop. In fact, they are 
likely one of the oldest cultivated crops in the world. Historically, the use of grapes extends 
back thousands of years to the wild grape, Vitus vinifera subspecies sylvestris. Archeological 
findings suggest that this fruit was gathered by early Europeans and Middle Easterners prior to 
the advent of viticulture. Prehistoric sites across Greece, Yugoslavia, Switzerland, Germany, 
Italy, and France include carbonized pips (seeds) that conform with the structure of local wild 
grapes (Zohary and Spiegel-Roy, 1975; Korenčič et al., 2008). Signs of viticulture arise in the 
early Bronze Age in the Aegean area. Archaeologists in this region have found pips resembling 
domesticated vinifera in their width-length index. The presence of viticulture by the second 
millennium B.C. is further indicated by images in Bronze Age art, tablets that reference wine 
and raisins, and the remains of wine vessels from this era (Zohary and Spiegel-Roy, 1975; 
Korenčič et al., 2008; McGovern et al., 2013). Historical evidence suggests that the origin of 
grape domestication took place in the South Caucasus area between the Caspian and Black 
Seas. As this practice appears to date between 6,000 to 8,000 years ago, grapes are likely one of 
the earliest of domesticated crops (Ayala, 2011; Miller and Gross, 2011; Myles et al., 2011). 
From the northern fertile crescent, viticulture practices spread to the Jordan Valley and to 
Egypt by 5,000 years ago (Ayala, 2011; Myles et al., 2011,). Etruscan, Greek, and Phoenician 




Roy, 1975; McGovern 2013). Eventually, viticulture extended to Western Europe around 2,800 
years ago (Terral et al., 2010; Myles et al., 2011; McGovern et al., 2013).  
As the grape has been domesticated over time, it has developed certain significant 
changes from its wild progenitor (V. vinifera ssp. Sylvestris). For instance, V. vinifera ssp. vinifera 
has perfect flowers, meaning each flower includes both male and female reproductive organs. 
In contrast, V. vinifera ssp. sylvestris has imperfect flowers, containing either male or female 
structures in each individual flower (Terral et al., 2010; Myles et al., 2011). Since wild grapes 
have imperfect flowers, a means must be provided to transfer pollen from a male flower to a 
female flower. Conversely, cultivated grapes have both pistils and anthers, eliminating the need 
for a pollen donor (Martin et al., 2009; Myles et al., 2011).   Additionally, the fruit of 
domesticated grapes is usually large and sweet, whereas the berries of wild grape plants tend 
to be small and tart (Miller and Gross, 2011; Myles et al., 2011). Shape variations exist in the 
pips (seeds) as well, which tend to be much smaller and broader in wild grapes than in 
domesticated grapes (Zohary and Spiegel-Roy, 1975; Hansen, 1988; Terral et al., 2010).  
Taxonomy 
Botanically, table grapes belong in the family Vitaceae, which includes 12 genera and 
approximately 900 species. Of these various members, the majority are woody, tree-climbing 
vines that develop paniculate inflorescences opposite the leaves. Grapes are further 
characterized physiologically by structures called tendrils. These thin, threadlike strands are 
modified stem branches that help the vine to climb onto other surfaces (Morrison, 1991; Creasy 




development of pearl glands, which are tiny fluid-filled balls that form on the outside of the 
leaves and contribute to biotic protection of the plant (Soejima and Wen, 2006; Trias-Blasi et 
al., 2012). Within Vitaceae, table grapes are further categorized into the genus Vitus and 
subgenera Euvitis (Gray, 1992; Creasy and Creasy, 2009). Vitus includes around 70 species 
worldwide, most of which are native to North America and East Asia. Domesticated grapes are 
considered to be a subspecies, vinifera, while their wild counterpart is the subspecies sylvestris. 
The former has traditionally been cultivated through vegetative propagation. Thus, while the 
two subspecies are notably distinct, the cultivars within V. vinifera ssp. vinifera have remained 
very closely related genetically (Ayala, 2011; Miller and Gross, 2011; Myles et al., 2011). Table 
and wine grapes are classified into the species vinifera (Ayala, 2011; Myles et al. 2011). Overall, 
V. vinifera is the most widely grown plant in the grape family (Cadle-Davidson and Owens, 
2008; Creasy and Creasy, 2009). 
Vitus Hybrids 
While much variation has developed naturally in Vitaceae over time, human 
intervention has also been responsible for developing a number of grape cultivars through the 
processes of fruit breeding and hybridization. Vitus contains around 30 species known to be 
North American natives (Galletta and Himelrick, 1990; Cadle-Davidson and Owens, 2008; Ayala, 
2011). These species have different fruit characteristics and environmental tolerance levels 
compared to Vitis species that originate in Europe. Over the past century, interspecific 
hybridization has been used to gain optimal combinations of each species most desirable traits. 
Often hybridization has been employed to derive the flavor qualities of V. vinifera and combine 




Hybridization can result in cultivars that are more versatile for various regions since American 
cultivars tend to possess greater insect and disease resistance. Thus, hybrids can be grown in 
regions that would not be as hospitable for European varieties, while maintaining certain berry 
traits (Galletta and Himelrick, 1990; O’Daniel et al., 2014).   
Cultivars 
Many popular grape cultivars are not well adapted to the humid, temperate climate of 
the southern United States. Table grape breeding efforts at the University of Arkansas were 
initiated by Dr. James N. Moore with the intention to generate high quality, seedless cultivars 
that would be well suited to this geographic region (Stafne et al, 2015). Since the program’s 
commencement in 1964, researchers have made over 1800 selections (Clark, 2003). In 1977, 
the first cultivar in their series of seedless table grapes, `Venus’, was released (Clark and Moore, 
1999). As the program continued, 12 more cultivars have been released with `Compassion’ 
being the most recent (Clark et al., 2018).  In general, certain fruit qualities have been 
intentionally chosen during the breeding process. Physiologically, this has included heightened 
hardiness against fruit cracking, diseases, postharvest handling stress, and winter frost. Other 
objectives have directly accounted for consumer appeal, such as improved texture and flavor as 
well as novel flavors and berry shapes (Stafne et al., 2015).  
 One of the cultivars developed early in this program is named `Jupiter’ (cross of Ark. 
1258 x Ark. 1672).  Released in 1999, this cultivar was selected for its distinct muscat flavor as 
well as early ripening date and hardiness to the eastern U.S. climate. The berries of this cultivar 




issues. Clusters of this cultivar tend to be medium in size and well-filled but not too tight for 
handling purposes. Vines have a medium vigor and are moderately cold hardy. `Jupiter’ has 
high health ratings, though the plants may be prone to pest issues.  Green June beetles (Cotinis 
nitida) can be especially damaging to `Jupiter’ plants, likely being attracted by the aromatic 
nature of the fruit (Clark and Moore, 1999).    
Later, in 2013, the cultivar `Faith’ (cross of Ark. 1962 x `Jupiter’) was released from the 
program. Similar to Jupiter, Faith ripens early in the season; however, this cultivar has a mild, 
fruity flavor rather than an intense muscat flavor. The berries of this cultivar tend to be dark 
blue-colored, medium-sized, and elliptically-shaped. `Faith’ also has well-filled clusters and 
moderate vine productivity. Though this cultivar can occasionally struggle with powdery mildew 
(Uncinula necator) and downy mildew (Plasmopara viticola), disease is usually very low and the 
vines have a high health rating (Clark and Moore, 2013).    
Along with `Faith’, `Gratitude’ (cross of Ark. 1925 x Ark. 1581) was also released in 2013. 
This hybrid was selected for exceptional crispness, possessing a highly similar texture to 
V.vinifera L. `Gratitude’ berries are green-colored and narrow-elliptic in shape. The flavor of 
`Gratitude’ is markedly similar to table grapes grown in the western U.S. This cultivar also has 
exceptional skin quality. While the skin is very thin, no fruit cracking has been observed. 
`Gratitude’ has a large cluster size and moderately productive vines. Among the new cultivars 
that were released in the same year, `Gratitude’ had the lowest health rating and has shown 




`Hope’ (cross of Ark. 1562 x Ark. 1704) was also released in the same year as `Jupiter’ 
and `Faith’. In this case, `Hope’ was selected for exceptional productivity and a consistent 
absence of seed trace. The berries of `Hope’ are green-colored, small-sized, and elliptic in 
shape.  Fruit from this cultivar has thick skin with very low levels of fruit cracking. The clusters 
tend to be medium in size and very tight. `Hope’ vines usually have a good level of growth and 
are notably healthy and winter hardy (Clark and Moore, 2013).  
Physiology  
The grapevine is technically a perennial plant, 
though it has exceptionally flexible branches and an 
extremely rapid growth rate. V. vinifera is also 
categorized as a dicotyledon, which indicates that 
seedlings will have two primary leaves at emergence. 
Like most land plants, grapevines are classified as 
angiosperms (Creasy and Creasy 2009; Drew, 2014). 
Overall, the grapevine’s anatomy follows the basic 
pattern of a woody perennial. A root system anchors 
the plant, stores carbohydrates for use in later 
seasons, and serves in the process of gathering water and nutrients, most of which occurs via 
the root hairs. The grapevine’s trunk provides structure, transport of water and nutrients, and 
stores carbohydrates (Pregitzer, 2003; Creasy and Creasy 2009). From the trunk, the grapevine 
has branches called arms or cordons, which support spurs and canes. Actively-growing stems 
called shoots develop from buds on the spurs. Each shoot is lined with nodes that are separated 
Fig. 1. Features of a Grapevine 
Shoot  




by thin portions of the cane, internodes. Internodes have their own meristem, allowing them to 
continue growing in diameter throughout the season. Stemming from the nodes are the 
grapevine’s leaves. These usually have small hairs that hinder insect access to the epidermis 
and increase the boundary layer above the stomata. At the leaf axil, the junction between the 
petiole and the shoot, vines contain compound buds. These structures contain three distinct 
growing points: primary, secondary, and tertiary. Generally, the primary bud will be the main 
source of growth and fruit development. Secondary and tertiary buds may grow as well if the 
primary bud has been damaged, though shoots from these buds are typically not as productive. 
Before a berry cluster can develop though, the bud produces clusters of small flowers. Each 
flower, once pollinated, can potentially give rise to a berry (Fig.1) (Morrison, 1991; Creasy and 
Creasy, 2009).  
Flower clusters are closely related to tendrils and usually develop from the third or 
higher node on a shoot (Morrison, 1991; Martin et al., 2009). Depending on cultivar, a shoot 
may produce from zero to five flower clusters. The floret is attached to the rachis by the pedicel 
and the rachis is attached to the peduncle, or stem, of the cluster (Lebon et al., 2008; Creasy 
and Creasy, 2009). Within each flower, anthers produce the pollen, while the stigma receives 
the pollen. Flowers open basipetally instead of acropetally and form a cap which pops off at 
flowering (Lebon et al., 2008; Martin et al., 2009). Botanically speaking, the fruit produced by 
the grapevine is a true berry. Each grape develops from a single fertilized flower with the bulk 
of the flesh composed of ovarian tissue. This berry will contain a waxy outer coating called a 
cuticle that protects the berry against water loss and pathogen invasion. Later in the berry’s 




layer also serves as a protective boundary as well as providing color and flavor compounds 
(Creasy and Creasy 2009; Lijavetzky et al., 2012). In some species of Vitus, the fruit is mainly 
pigmented by chlorophyll and carotenoids, resulting in a green-colored grape (Rocchi, 
L.,Rustioni, L., and Faill O., 2016). Conversely, the epidermis of red grapes is colored by 
anthocyanins. This extra red pigment tends to attract birds, which further aid in the 
propagation of the plants over long distances (Kobayashi et al., 2004; Terral et al., 2009; 
Trondle et al., 2010).  Inside the berry, the seeds are high in phenolic content and contain the 
embryo that could develop into another grape plant (Ristic et al., 2005; Creasy and Creasy, 
2009).  
Berry development occurs in two sigmoidal growth stages separated by a lag phase. 
Each phase is characterized by certain physical changes, compositional shifts, and alterations in 
vascular system inputs. The first stage initiates at bloom and continues for approximately 60 
days. Throughout development, various nutrients are supplied to the berry through the 
vascular system, which is composed of xylem and phloem. At this early stage, xylem is 
predominantly active, transporting water, nutrients, minerals, and growth regulators from the 
roots to the developing fruit (Kennedy, 2002; Possner and Kliewer, 1985). During this time, the 
berry volume expands due to the accumulation of these solutes, particularly malic acid and 
tartaric acid. Concentrations of micronutrients, amino acids, and tannins also increase during 
this phase. The second stage of berry development, veraison, is characterized by softening and 
coloring of the berry. Certain compounds, such as malic acid decline during this phase. 
Meanwhile, sugar influx into the berry commences. Phloem transports sucrose into the grape, 




the crop is largely determined by how long the berries are kept on the vine. Secondary 
metabolites and anthocyanins also accrue during this stage, providing coloration to the grape 





Certain environmental conditions should be considered when planting a vineyard for the 
plant’s optimal growth beginning with soil characteristics. In general, the soil for a vineyard 
should be rich in nutrients, including nitrogen, phosphorus, potassium, calcium, and iron. 
Fig. 2. Relative size and color of berries at 10-day intervals after flowering, passing 
through major developmental events, including periods when compounds 
accumulate, levels of sugar development, and inflow of xylem and phloem vascular 




Among these, potassium is especially important since vines grown in low potassium conditions 
will tend to have stunted growth and low fruit yield (Davies et al., 2006; Rogiers et al., 2017; 
Muskett, 2018). Levels of pH in the soil will also impact the health of the grapevines since 
acidity affects nutrient availability. Generally, a pH between 5.5 to 6.5 is considered to be 
optimal for grapevine growth. When the soil pH is below 5, aluminum solubility increases, 
leaving the plant at risk for aluminum toxicity. Aluminum toxicity affects the root system by 
disturbing cell division and limiting root growth. Due to chemical interactions, phosphorus, 
calcium, and magnesium also become unavailable to the plant if too much aluminum is present. 
(Himelrick, 1991; Bates, et al., 2002). Another major environmental factor for a vineyard’s 
success is the region’s temperature. In general, grapevines are cultivated in temperate climates 
between 30 to 50 degrees latitude, though some exceptions exist. Certain cultivars of V. 
vinifera can be grown in areas with fairly cold winters; however, the vines will stop growing at 
temperatures below 10˚ C. Furthermore, the vines may suffer from cold damage whenever the 
temperature drops below -15˚ C. The effects of cold exposure become apparent the following 
year, resulting in damaged buds and stunted shoot growth. If a frost occurs near budbreak, the 
green vine would be highly susceptible to freezing, often resulting in cell death and 
developmental issues in the shoots. Likewise, late season frost would cause premature death of 
the leaves, thereby impeding any further fruit ripening and energy storage processes (Creasy 
and Creasy, 2009; Sun et al., 2016; Hou et al., 2018). Though certain cultivars, such as V. vinifera 
hybrids, are more cold tolerant than others, additional measures usually need to be taken in 
cold climates, such as burying the vines during the winter months or pruning to remove cold 




In fact, few areas are too hot for this plant. Warm temperatures are the main driving force for 
growth, causing more rapid shoot and flower growth with increasing temperatures. Once 
planted, grapevines are indeterminate. Thus, the vines will simply continue to grow if left in 
favorable conditions, especially temperature (Creasy and Creasy 2009; O’Daniel et al., 2014). 
Trellis Systems 
 Another important component of viticulture is providing a stable trellis system. Trellising 
refers to how the grapevines are physically arranged in the vineyard. Ideally, the particular style 
of trellis should allow for high light interception, minimal maintenance and labor inputs, and 
provide structural support (Swanepoel et al, 1990; Tsolova and Leong, 2004). Grapevines, like 
most members of Vitus, will naturally grow onto another sturdy structure, rather than 
developing thick trunks. Cultivated grapevines in a vineyard rely on trellises to provide the 
support they need for stable growth. Trellises are constructed with posts and stretches of wire, 
onto which the canes are trained to grow. Along each row, intermediate posts must support the 
weight of the vines as well as the fruit load. Additional posts and structures are placed at the 
end of each row to anchor the system (Reynolds and Heuvel, 2009; Creasy and Creasy, 2009). 
 A variety of trellis systems have been developed, giving the grower options to suit 
different cultivars, maintenance systems, and cost levels. Trellis systems may be either single 
wire or double wire. Between these two basic styles, single wire trellises will require less 
material and are less expensive to install. Single wire trellises are also better suited to 
mechanized pruning and management. A single wire trellis will naturally have a fairly open 




type of single wire trellis (Fig. 3). This style is made by a single wire strung onto posts about five 
feet above the ground. Shoots are 
then trained to this wire and 
become permanent structures 
called arms or cordons. This type of 
trellis works well for cultivars with 
a natural downward growth habit, 
such as those native to North America; however, these trellises may not be able to sufficiently 
support larger, trailing cultivars, like European varieties and wine grapes (Reynolds and Heuvel, 
2009; Creasy and Creasy, 2009).   
While a single wire trellis system may not easily accommodate cultivars with vigorous or 
large vines, divided canopy trellises have been developed especially for such cultivars. Divided 
canopy trellises come in many styles including the Lyre system, Scott-Henry, Smart-Dyson, 
Smart and Robinson, and Geneva Double Curtain (GDC) (Fig. 4). The GDC was originally devised 
for the trailing growth habit of Vitus labrusca but is also well suited to many popular American 
and hybrid wine grape cultivars (Morris, 2007; Reynolds and Heuvel, 2009; Creasy and Creasy, 
2009). In this system, grapevines are trained from the trunk to bilateral cordons and pruned to 
retain short canes. The vine’s shoots are directed downward, forming a “curtain” on either side 
of the main trunk. A good deal of shoot training must be used to keep the vines in the proper 
Fig. 3. High cordon trellis (top) and Umbrella kniffen 




form. As long as the canopies stay separated, extra sunlight will be able to reach the fruiting 
region and individual shoots. This added light in turn heightens the productivity of the vine. 
Notably, the GDC can require additional expense to establish, particularly in comparison to a 
single wire system. Nevertheless, the former will usually lead to better yield and is much more 
suited to trailing vines (Morris and Cawthon, 
1980; Creasy and Creasy, 2009; Reynolds and 
Heuvel, 2009).  
Canopy Management 
As the grape plants begin to grow and 
become established in the vineyard, various 
canopy management practices are used to facilitate optimal growth and fruit quality. Such 
practices will impact the vine’s growth and yield. During the early stages of seasonal growth, 
bud thinning and shoot thinning may be done in order to regulate how expansively the vine will 
be able to grow. A good balance should be attained in early thinning so that the plant can 
produce sufficient fruitful shoots while ensuring that canopy management will be at a 
reasonable level later in the season (Creasy and Creasy, 2009; Zhuang et al., 2014). Pruning is 
especially important throughout the season. Minimal pruning, while correlated with higher 
yield, tends to result in lower cluster and berry weight as well as lower berry quality (Striegler 
et al., 2002; Lakso et al., 2003; Keller and Mills, 2007). One popular method of pruning is called 
balanced pruning. This technique is done during the dormant season, and it is based on the 
vine’s vigor. Initially, the size of the grapevine is estimated by roughly pruning the vine and 
Fig. 4. Geneva Double Curtain Trellis. 




weighing the one-year-old cane prunings. This measurement is applied to a pruning formula to 
determine the number of buds to retain per vine. Final pruning can then be performed to fit the 
formula’s results (Morris and Cawthon, 1980; Creasy and Creasy, 2009; O’Daniel et al., 2014). 
Another system is cane pruning, which is used on varieties where the most fruitful buds are 
located midway on canes. The previous year’s fruitful canes are removed first. Then, canes on 
either side of the trunk are selected and pruned to a certain number of buds, usually to the fifth 
to tenth bud from the base. All other canes are removed (Creasy and Creasy, 2009; Bhosale et 
al., 2010; Jones et al., 2018). Spur pruning is another type of pruning method and is usually best 
for cultivars whose most fruitful buds are found near the base of the cane. This process begins 
by removing the previous season’s fruiting wood. New canes are then selected to form spurs. 
These spurs are pruned back to two to four buds, depending on the fruitfulness of lower buds. 
The total number of spurs to be retained will depend on vine vigor and variety (Creasy and 
Creasy 2009; Jones et al., 2018). 
Throughout the growing season, combing practices may be important for canopy health 
and to establish the grapevine’s form. Combing involves moving the shoots in a particular 
direction appropriate to the training system, usually guiding them to grow downward, and 
untangling any overgrown shoots (Voischenk and Hunter, 2001; Creasy and Creasy, 2009). 
Along with combing, certain thinning practices are commonly used later in the growing season. 
With rising temperatures, grapevines grow vigorously. As the canopy starts to close in like a 
tropical rainforest, the leaves closer to the ground become more and more shaded. While 
abundant leaves may look good for a large deciduous tree, grapevines are much smaller and 




to produce more chemical energy, this extra shade will cause issues for the plant’s nutrition 
levels (Swanepoel et al, 1990; Tsolova and Leong, 2004). A remedy for this situation is leaf 
thinning. For this process, leaves are removed in the areas of the clusters. Enough leaves should 
be removed to improve light penetration and air flow while still protecting the berries 
sufficiently from sunburn. Though this practice may require thinning of seemingly healthy 
leaves, the plant will function at a higher level once the canopy has greater light levels. Overall, 
this results in heightened levels of photosynthesis for the remaining leaves. Additionally, leaf 
thinning gives the berries a moderate amount of light exposure, which can improve the fruit’s 
quality by heightening the soluble solids and anthocyanins (Bubola et al., 2007; Zhuang et al., 
2014; Leao et al. 2016). 
Cluster Thinning 
 Another common viticulture practice is cluster thinning. Like leaf thinning, this practice 
can aid with basic canopy management by allowing better light penetration and greater air flow 
in the vineyard (Smithyman et al., 1998; Bogicevic et al., 2015). Additionally, irregularly shaped 
or unattractive clusters can be selectively removed from the vine. The benefits of cluster 
thinning extend to much more than the general canopy health. Essentially, the purpose of 
cluster thinning is to reduce yield. This type of practice may sound counter-intuitive at first 
glance; however, in the world of viticulture quantity does not necessarily equal quality.  Since 
cluster thinning is the removal of entire clusters from the vine, this practice increases the ratio 
of leaf area to fruit area (Dokoozilian and Hirschfelt, 1995; Gatti et al., 2012). Due to the shift in 
leaf to fruit ratio, the remaining berries will be allotted a more concentrated amount of 




is known to cause certain physiological shifts in the content of grapes as well as increasing the 
rate of the fruit’s maturation (Smithyman et al., 1998; Bogicevic et al., 2015; Hannam et al., 
2015). Externally, the berries can grow larger and have a richer color (Weaver and Pool, 1972; 
Dokoozilian and Hirschfelt, 1995; Gil et al., 2013). Clusters can also become larger and contain 
more berries (Gil et al., 2013; Hannam et al., 2015). 
 In many studies, cluster thinning has shown to consistently impact the chemical 
composition of the berries. For most cultivars, the berry’s chemical composition can shift so 
that it has a higher ratio of sugars to acids. Consequently, the berries will tend to taste sweeter 
(Bubola et al., 2007; Gatti et al., 2012; Bogicevic et al., 2015; Hannam et al., 2015; Wang et al., 
2017). For instance, in a 2007 study by Bubola et al., researchers thinned thirty-five percent of 
clusters from V. vinifera L. cv. Teran at veraison. This stage represents the onset of ripening and 
is characterized by a change in the grape skin color, softening of the berries, and a shift from 
high acidity to high soluble solid content. The results in the study showed that vines with cluster 
thinning had higher soluble solids concentrations (%) at harvest than the control (no thinning) 
treatment, indicating greater amounts of sugar. Also, the thinning treatment resulted in an 
average of six percent increase in phenolics concentration, another factor affecting the flavor of 
the fruit (Bubola et al., 2007).  
 The modifications, particularly in anthocyanins, may be related to genetic shifts. During 
a study in 2016, Xi, et al. found that cluster thinning at veraison of ‘Summer Black` grapes can 
impact various gene expressions in different ways, ultimately producing a change in the 
anthocyanin profile. Overall, cluster thinning resulted in heightened anthocyanin content in the 




control group (Xi et al., 2016). Similarly, the genetic impact of cluster thinning was analyzed 
during a 2017 study by Wanga et al. on ‘Cabernet Savignon`. For this study, cluster thinning 
treatments were applied at the pea-size stage, which was approximately four weeks after 
flowering, and at the onset of veraison. Berries from the thinned treatments had lower 
titratable acidity and higher sugar content. The expressions of several genes that encode for 
enzymes in the anthocyanin biosynthesis pathway are induced by sugars. Thus, the higher sugar 
concentration induced by cluster thinning leads to increased anthocyanin concentration in red 
berries (Wanga et al., 2017).  
Along with enhancements to composition, cluster thinning has also been noted to 
increase berry size and improve texture. For instance, a cluster thinning study was conducted 
by Fallahi for the table grape cultivar Alborz. The vines that received cluster thinning produced 
larger, more attractive berries than vines that were not thinned (Fallahi, 2017). Also, a cluster 
thinning study by Sokuwar et al. was conducted with the table grape cultivar Jumbo Seedless. In 
this two-year project, vines were divided into six groups and each group was adjusted to a 
certain crop load. The most intensely thinned plant group had only 23 clusters remaining on the 
vines, while the least intensely thinned group had 50 cluster remaining per vine. Based on their 
results, intensive cluster thinning in the 23-cluster group was found to improve berry weight, 
berry diameter, soluble solids development, and skin thickness when compared to the 50-
cluster group (Sokuwar, et al., ). These results were similar to other studies with seedless grape 





 Cluster thinning can be employed at various stages of plant growth. A study by 
Dokoozilian and Hirschfelt in 1995 compared the impacts of cluster thinning on ‘Flame 
Seedless` at five different developmental stages, namely “prebloom”, “berry set”, “berry set 
plus two weeks”, “berry set plus four weeks”, and “berry set plus six weeks”. In every 
treatment, one-third of clusters was removed from the shoot at the respective time. The 
researchers found berry color to be especially sensitive to variations in cluster thinning. 
Notably, vines receiving cluster thinning at intervals between “prebloom” and “berry set plus 
four weeks” accumulated color more rapidly than the unthinned vines or the vines that were 
thinned very late in development. Additionally, fruit from thinned groups had higher soluble 
solids, or sugar content, than control groups (Dokoozilian and Hirschfelt, 1995). 
 Along with specific timing, growers may be selective in the particular number of clusters 
to be removed. For instance, in a 2015 study by Bogicevic et al., researchers thinned all distal 
clusters from ‘Cabernet Sauvignon` and ‘Vranac` at mid-veraison, leaving only one cluster per 
shoot. This treatment was beneficial, resulting in an increase in soluble solids, anthocyanins, 
and proanthocyanidids (Bogicevic et al., 2015). Nevertheless, other protocols are also used, 
sometimes removing a percentage of total cluster or basing cluster removal on shoot length 
(Bubola et al., 2007; Xi et al., 2016). 
Based on observation in a number of studies, cluster thinning is often especially 
important for management of hybrid cultivars. French-American hybrid grapevines grow and 
develop differently than European cultivars. In particular, crop load tends to be higher in hybrid 
cultivars than in V. vinifera, likely due to having higher bud fruitfulness and larger clusters 




cluster thinning in order to manage excessive crop load for hybrids cultivars like Visdal blanc 
and Seyval blanc. (Kurtural, et al., 2006). In a 2006 study by Dami, et al., the beneficial impact of 
cluster thinning was evaluated for the French-American hybrid cultivar Chambourcin. For this 
five-year study, Chambourcin vines were thinned at three different intensity levels. By the 
conclusion of this project, cluster thinning had consistently improved juice composition each 
year by increasing soluble solids and pH (Dami et al., 2006). A study by Kurural, et al., in 2006 
also found that cluster thinning improved soluble solids development for the hybrid 
Chambourcin (Kurtural, et al., 2006).  
  While cluster thinning has many typical effects, certain results are likely cultivar 
dependent, such as shifts in titratable acidity, berry weight, berry ripeness, and concentration 
of flavanols and flavan-3-ols. Another particular situation can occur when cluster thinning is 
applied during early shoot growth. In this case, the assimilates may be diverted to fruit; 
however, this result is not observed in all cultivars, like ‘Cabernet Sauvignon` and ‘Malbec` 
(Keller et al., 2005; Fanzone et al., 2011; Wanga et al., 2017). Despite some inconsistencies, 
cluster thinning ultimately reduces overcropping. Since this extra control leads to better quality 
fruit, many growers find it to be a worthwhile practice (Jackson and Lombard, 1993; Wanga et 
al., 2017). 
Pest Management 
Viticulturists worldwide are faced with many pest challenges, such as diseases, insects, 
and weeds.  Addressing these issues in a sustainable way is crucial to maintaining the health of 
the vineyard and the economic feasibility of grape production. In fact, much of the cost for 




2009). Understanding biological interactions is crucial to developing a proper management 
program that will support both the crop health and the health of the local ecosystem. An 
Integrated Pest Management (IPM) program refers to a management system that the grower 
establishes with emphasis on monitoring and prevention. IPM requires knowledge of the 
vineyard’s local ecosystem and climate, attentiveness to any pests that arrive, and strategies for 
minimizing favorable pest conditions. Through careful monitoring and the use of resistant 
cultivars, biological control, habitat manipulation, and specific cultural practices, growers can 
often reduce their dependence on chemical sprays. Taking this approach reduces the cost of 
vineyard management as well as minimizing any potential chemical damage on the vines and 
the surrounding environment (Altieri et al., 2005; Shennan, 2009). 
With the expansion of global trade and propagation techniques, grapevines have 
become exceedingly exposed to foreign pathogens, of which the vines may not possess a 
natural resistance. Diseases can be caused by fungi, such as botrytis (Botrytis cinereal), downy 
mildew (Plasmopara viticola), powdery mildew (Uncinula necator) and Phomopsis (Phomopsis 
viticola). Many types of fungi can remain in the vineyard even during the dormant season by 
overwintering in plant debris or on older wood. During the growing season, the fungal spores 
can spread by wind or water. Resulting infections may cause berry rot as well as damage to the 
rachis, leaves, and shoots (Loeb et al., 2005; Allegre' et al, 2007; Steel et al., 2011; Úrbez-Torres 
et al., 2013). Bacteria cause other types of diseases, such as Pierce’s disease (Xylella fastidiosa) 
and crown gall (Rhizobium vitis). These infections can result in many health issues, including leaf 
chlorosis, stunted shoot growth, and loss of vigor (Sule and Bur, 2002; Altieri et al., 2005; 




manifest as gradual decline in vine health and fruit quality. Viral diseases require a specific 
vector in order to be transmitted among the vines. For instance, Grapevine leafroll virus 
(Closterovirus) is transmitted through infected propagation material and by mealybugs 
(Planococcus ficus), while Grapevine fanleaf virus (Comoviridae, Nepovirus) is transmitted 
between vines by the dagger nematode (Xiphenema index) (Creasy and Creasy, 2009; Maliogka 
et al., 2015; Al Juboori, 2017;). 
In order to maintain the health of the vineyard, growers can implement various 
preventative measures that will reduce the risk of diseases. Since many fungi thrive in wet 
conditions, cultural practices that promote air flow and light penetration are often used to 
prevent these types of diseases (Loeb et al., 2005; Reynolds and Heuvel, 2009).  Leaf removal, 
shoot thinning, and combing are all helpful for reducing dense, humid conditions in a vineyard. 
Additionally, use of a divided canopy trellis system promotes an open rather than crowded 
canopy, thereby reducing overall humidity (Voischenk and Hunter, 2001; Reynolds and Heuvel, 
2009). Additionally, careful selection of the growing site, cultivar, and rootstock can greatly 
reduce disease potential. For example, cultivars with loose clusters will retain less moisture 
than tight clusters. Moreover, early-maturing cultivars may be a wise option if the growing area 
is typically rainy during harvest season (Creasy and Creasy, 2009; Rashed et al., 2013). If 
preventative measures are not sufficient though, chemical spray applications will usually be 
necessary (Shennan, 2009; Rashed et al., 2013). Similarly, to fungal diseases, bacterial diseases 
can be managed to a degree through cultural practices. For instance, crown gall is mainly 
controlled by removing damaged wood and any affected plants from the area. Meanwhile, viral 




plant materials, diligent monitoring, and insect control. Excessive fertilization, irrigation, and 
overly-vigorous rootstocks can also be avoided to facilitate prevention of any grapevine 
disease. Pesticides and nematicides can also be used to control the vectors of the diseases 
(Creasy and Creasy, 2009; Maliogka et al., 2015; Al Juboori, 2017).  
In addition to diseases, both insects and arthropods can be challenging pests in a 
vineyard. Biological control is an effective management technique for many such pests. For 
instance, predatory mites (Phytoseiulus spp) can be used to control other types of mites that 
would damage the foliage. Similarly, wasps (Anagyrus pseudococci) are a helpful control for 
mealybugs (Planococcus ficus) and leafhoppers (Erythroneura elegantula), insects that are 
known for spreading botrytis infection and degrading fruit quality, respectively. Other situations 
may be managed with habitat alteration. Enhancing plant diversity in a vineyard can regulate 
thrips (Drepanothrips reuteri), tiny insects that lay eggs in the fruit (Nicholls et al., 2000; Altieri 
et al., 2005; Creasy and Creasy, 2009). Meanwhile, other pests do generally require more 
attention. Infestations by the grape berry moth (Endopiza viteanna), a pest whose larvae feed 
on the berries, typically require chemical treatment (Creasy and Creasy 2009; Vogelweith et al., 
2011). Another especially devasting pest worldwide is Phylloxera (Daktulosphaira vitifoliae).  
This insect is known to feed on the roots of grapevines, leading to a major decline in vine 
growth. Phylloxera is mainly managed by use of resistant rootstocks. Unfortunately, once a vine 
becomes infested, the entire plant will need to be removed from the vineyard (Creasy and 
Creasy, 2009; Marguerit et al., 2012; Nabity et al., 2013). 
Along with insect pests, nematodes can threaten the health of a vineyard by 




for the main crop and particular plants can be brought to the area that discourage infestations. 
For instance, certain marigolds (Tagetes spp.) emit allelochemicals through their root system 
that repel some species of nematodes. If roots become infected, synthetic pesticides may be 
required for treatment (Creasy and Creasy 2009; Al Juboori, 2017). Not all pests in a vineyard 
are particularly small though. Indeed, much damage and defoliation can be accomplished by 
grazing animals like deer and rabbits as well as by berry-eating animals, such as racoons, 
skunks, opossums, and birds. Issues with large pests can often be addressed through the use of 
electric fences, bird netting, and intermittent noise (Creasy and Creasy, 2009; Kross et al., 2011; 
Barrio et al., 2012). 
Weeds are another common pest in vineyards. Unwanted plants near the grapevines 
will reduce the crop’s available water and nutrients as well as restricting aeration and light. 
Generally, mechanical and chemical controls are used to manage this type of pest. Mechanical 
control would include mowing and hand weeding, both of which would be safe for the vines 
throughout the season. Depending on the vineyard conditions, herbicides may be needed as 
well. Preemergent herbicides can be incorporated into the soil surface around the base of the 
grape plant to prevent weed germination, whereas a postemergence herbicide would be used 
to eliminate existing weeds. Greater caution should be taken with any postemergence 
herbicides, ensuring that the spray does not contact and harm the grapevine. Another way to 
prevent excessive weeds is through using cover crops. Cover crops, such as white clover 
(Trifolium repens L.) or fescue grass (Festuca spp.), can be planted in the interrows during the 
dormant season and are known to impact weed biomass. A properly managed cover crop helps 




High Tunnel Systems 
 Traditional, outdoor vineyards are a classic sight in in the realm of horticulture; 
however, there is a rising trend to utilize a new system, high tunnels, in the cultivation of 
horticultural crops. Growers worldwide have begun employing this new technology, which 
provides them with greater environmental control and easier pest management as well as the 
ability to extend the growing season of vegetables, small fruits, fruit trees, and flowers. High 
tunnels were first invented in the United States over 50 years ago for use in the nursery 
industry (Emmert, 1955; Carey et al., 2009). The basic construction of a high tunnel includes ribs 
of thick, metal pipes covered by a single layer of greenhouse grade plastic film (Lamont, 2009; 
Tuzel, and Oztekin, 2015; Janke et al., 2017). Since the 1990’s, these structures have gained 
popularity for many situations, especially for growing warm season crops (Carey et al., 2009; 
Demchak, 2009; Tuzel, and Oztekin, 2015). Currently, they are most popular in China, Korea, 
Italy, Spain, Japan, and Turkey (Kacira, 2011; Tuzel, and Oztekin, 2015; Janke et al., 2017).  
While similar in purpose to greenhouses, high tunnels are simpler in their design and 
interior components. Due to this difference, high tunnels are much more economical to 
construct and manage than greenhouses, generally recovering the initial investment within the 
first two years of operation. However, high tunnels do not provide the wider environmental 
control of greenhouses, particularly because heating and cooling are passive instead of 
electrically regulated. High tunnels can be installed as either semi-permanent or moveable 
structures (Carey et al., 2009; Demchak, 2009; Janke et al., 2017). For farm taxation purposes, 
high tunnels generally are not listed as permanent structures like greenhouses or barns so that 




tunnel frame are securely fastened to the ground with metal posts that are sunk at least 0.75 m 
into the ground.  Either a single bay or a multi-bay design could be selected for construction, 
based on the purpose of the tunnel. Multi-bay tunnels are beneficial for large scale fruit 
production; however, they are more susceptible to damage by wind and snow and may require 
some disassembly during the winter months (Demchak, 2009; Janke et al., 2017). Most often, 
tunnels are built as single bay structures with roll-up sides. The single bay construction may be 
erected in either an arched or a gabled style. The latter of these, having a peaked roof, is ideal 
for areas with heavy snowfall. Generally, the height of the structure is set between two to three 
meters, so that people can easily walk inside the tunnel. The width of one bay usually ranges 
from 1.2 to 9.1 m and extends in length from 6.1 to 91.4 meters. The high tunnel framework is 
covered by slightly tinted polyethylene plastic. While the tint can reduce light intensity by about 
20-30%, diffusion within the tunnel is heightened. This creates better light distribution and 
more consistent crop development (Luthria et al., 2006; Janke et al., 2017). 
When constructing a high tunnel, the structure should be positioned on the site 
carefully in order to optimize its effectiveness. If a tunnel is being installed south of the 40-
degree latitude, it should be orientated in a north to south direction (Orzolek, 2013; Janke et 
al., 2017). This is especially important for even sun exposure since fruit quality can be 
negatively affected by uneven ripening (Striegler et al., 2002; Hulands et al., 2014). Additionally, 
the surrounding landscape should not shade the tunnel, and the land for the site should be 
level and have suitable water drainage (Knewtson et al., 2010; Janke et al., 2017). 
 Inside the tunnel, both heating and ventilation are essentially passive; there is no 




the use of portable heaters may be necessary to protect crops from unexpected freezing 
temperatures (Lamont, 2009; Tuzel, and Oztekin, 2015). Usually tunnels have an open floor, so 
that crops are planted directly in the soil, rather than in an artificial medium or hydroponics 
system (Carey et al., 2009; Tuzel, and Oztekin, 2015; Janke et al., 2017). Overall, the simplicity 
of the structure ensures lower maintenance costs than for greenhouses. The main care 
expenses stem from the plastic cover, which may occasionally need repair work and must be 
replaced every three to five years. One notable concern for growers in an enclosed growing 
space is excess humidity. Especially during the warmer summer months, extra moisture can 
accumulate in a high tunnel due to lack of air flow and overwatering. The heightened humidity 
can leave the plants at risk for diseases, such as leaf molds, powdery mildew, and root rot 
complexes. Carefully monitoring both the ventilation and irrigation systems are important for 
preventing these issues from escalating. (Loeb et al., 2005; Reynolds and Heuvel, 2009; Janke et 
al., 2017). 
In today’s industry, tomatoes are the dominant high tunnel crop followed by 
cucumbers, lettuce, and fresh herbs (Lamont, 2009; Knewtson et al., 2010; Janke et al., 2017). 
To evaluate the effectiveness of this system for horticulture crops, Warren, et al. studied high 
tunnel production of fifteen tomato cultivars over a 3-year period. Based on their results, 
several tomato cultivars appeared to be well suited to the high tunnel environment. 
Researchers noted that fungal disease can be a challenge for high tunnel produce. 
Nevertheless, high tunnels improved tomato yield and quality over outdoor production. Plus, 
this technology allowed tomatoes to be grown in cool climates as well as have season extension 




Purple’ was grown organically in a high tunnel and compared to the quality of outdoor-grown 
organic tomatoes. The high-tunnel group had higher yield and lower incidence of Tomato 
Spotted Wilt Virus (Tospovirus spp.) and Gray Leaf Spot (Cercospora zeae-maydis), indicating 
that this production method can be effective for high quality tomato crops even in the organic 
sector (O’Connell, et al., 2012). 
While most crops grown in high tunnels are annual or biennial plants, some research has 
been conducted with perennial cherry trees. In outdoor conditions, cherry trees are known to 
be highly susceptible to fruit damage from low temperatures, insect and disease pests, and 
rain-induced fruit cracking during the final stages of fruit ripening. Lang assessed the feasibility 
of using high tunnels to protect the cherry trees from biotic and abiotic factors including frosts, 
diseases, insects, and wind scarring. For this study, multi-bay high tunnels were constructed 
over established sweet cherry trees. When compared to outdoor-grown trees, these cherry 
trees had premium fruit quality, greater leaf size, decreased chemical pesticide inputs, and 
decreased incidence of cherry leaf spot (Blumeriella jaapii) and bacterial canker (Pseudomonas 
syringae) (Lang 2009). In a 2011 study by Lang et al., sweet cherry trees were grown at two high 
tunnel locations and evaluated for plant quality. High tunnel-grown cherry trees had improved 
growth rates and plant health compared to outdoor cherry trees (Lang et al., 2011). Though the 
economic feasibility of high tunnel cherry production is still being assessed, these studies 
indicated that this sytem can help growers to produce cherry crops more effectively (Lang, 
2009).  
Though this topic has not yet been studied extensively, high tunnels may be productive 




cultivars were grown in a high tunnel system and evaluated for marketability qualities in 
comparison to outdoor-grown table grapes. The four cultivars evaluated were ‘Mars’, ‘Jupiter’, 
‘Faith’, and ‘Gratitude’. In general, the high-tunnel grown grapes were considered to be higher 
quality than the outdoor-grown grapes (Felts 2018).  
Even though table grapes are not currently among the most popular of plants grown in 
this type of system, many attributes of high tunnel technology lend their way to effective grape 
cultivation. For instance, high tunnels allow for better temperature regulation and can keep the 
growing area warmer throughout the entire year (Demchak, 2009; Rogers and Wszelaki, 2012; 
Janke et al., 2017). This is especially helpful for grapes, since grapes thrive in warm climates 
while typically being limited by a region’s winter temperatures (Reynolds and Heuvel, 2009; 
Hou et al., 2018). While air temperature fluctuates a bit inside the tunnel, the structure 
consistently stays warmer than the outdoors; furthermore, the soil temperature will fluctuate 
very little compared with outdoor soil (Demchak, 2009; Rogers and Wszelaki, 2012; Janke et al., 
2017). Without the extra shelter, some growing regions can be subject to early season and late 
season frosts. Often, the best solution for frost damage is prevention, mainly achieved through 
avoidance of colder regions and early-flowering cultivars (Creasy and Creasy, 2009; Sun et al., 
2016; Hou et al., 2018). Alternatively, high tunnels increase temperature for crops in the spring 
and autumn seasons, extending the summer-like environment. Thus, high tunnels allow for 
both a broader range of cultivars to be grown and for these grapes to be grown in areas not 
normally considered suitable for viticulture (Demchak, 2009; Lamont, 2009).  
 In addition to aiding temperature regulation, high tunnels help to protect crops from 




crop quality. Crops in a tunnel also gain protection from more extreme weather situations, such 
as hail (Demchak, 2009; Lamont, 2009). Another advantage to shielding the crops from the 
external weather is that irrigation can be regulated more easily. Often, irrigation is used in 
conventional vineyards to ensure that the plants receive the proper amount of water. Sufficient 
watering will ensure good vine photosynthesis and fruit development. Overwatering though 
can lead to overly vigorous growth of the canopy, thus shading the plants and reducing fruit 
quality (Creasy and Creasy, 2009; Reynolds and Heuvel, 2009; Rogers and Wszelaki, 2012). Like 
outdoor vineyards, tunnels are usually maintained with an irrigation system, especially drip 
irrigation (Lamont, 2009; Rogers and Wszelaki, 2012; Janke et al., 2017). With better control 
over the system, high tunnels can allow for more efficient use of fertilizers and water along with 
added protection from pests like birds and insects (Demchak, 2009; Janke et al., 2017). 
Table Grape Marketability Factors 
 Many factors affect the general marketability level of table grapes. Sensory perception 
is a common motivation for consumers, especially when buying fruits. One of the major sensory 
attributes, by which consumers tend to gauge fruit quality, is visual appeal (Ma et al., 2016; 
Chironi, et al., 2017). For instance, large and consistently sized berries with a pleasant shape are 
preferred by consumers. Also, berries have a more favorable appearance when they are 
attached to a sturdy rachis and have a high resistance to cluster detachment. The stalk and 
rachis should be turgid, bright green in color, and appear healthy, rather than having any rot or 
lesion (Creasy and Creasy, 2009; Chironi, et al., 2017). Cultivars that are more resistant to injury 
and disease will thus have a better appearance once they have reached a market shelf. Any 




clean, can similarly impact consumer preference (Abu-Zahra and Salameh, 2012; Ma et al., 
2016). The skin color of grapes, a result of anthocyanin composition, is also important for 
attractiveness to the consumer. In sensory perception studies, consumers tended to prefer 
clusters with consistent color. Additionally, berries with rich, uniform color and no visible sign 
of browning or streaks were more favored (Lijavetzky et al., 2012; Gil et al., 2013; Xi et al., 
2016; Ma et al., 2016; Chironi, et al., 2017).  
 Texture is another quality important for marketability. Consumers tend to prefer very 
crisp berries. The berry’s pulp is considered most appealing when it is plump, firm, and juicy 
while not excessively soft. The skin should be tannic and thin with little resistance in the mouth. 
Seedlessness is another popular quality. Any seeds present should have little resistance to 
crushing and provide good flavor (Ma et al., 2016; Chironi, et al., 2017). 
Taste is an especially important factor for marketability, often being highly correlated 
with overall acceptability (Chironi, et al., 2017; Ma et al., 2016). Sweet rather than tart or acidic 
berries are preferred. Both sweet and sour tastes should be present, but the ratio should be 
predominantly sweet. The sugar content of a grape, the soluble solids (°Bx), can be measured 
by a refractometer. On average, table grapes are harvested around a level of 16-18% soluble 
solids (Creasy and Creasy, 2009; Maante et al., 2015; Chironi, et al., 2017). Prior to reaching this 
ripe point, the berries would taste tart because they are rich in acids, especially tartaric, malic, 
and citric acid. During the ripening process, the acids act upon substances within the grape, 
such as starch, gum, dextrin, lignine, and cellulose. This process results in the formation of 
grape sugars, mainly fructose and glucose. Given ample time to ripen, the berries become 




While many marketability qualities of table grapes are sensory-related, consumers are 
also influenced by the nutraceutical aspect of grapes. Table grape consumption has been 
increasing in recent years due to a higher level of awareness about this fruit’s nutritional value 
(Ma et al., 2016; Sabir and Sabir, 2017). Phytochemicals within the grape, which include 
anthocycanins, phenolics, and flavanols, can have many health benefits. Grapes are one of the 
best fruit sources for phenolic compounds. (Orak, 2007; Georgieve, et al., 2014; Sabir and Sabir, 
2017). Flavonoids, a large group of polyphenols, are located mainly in the epidermal layer and 
seeds (Orak, 2007; Xia, et al., 2010; Georgieve, et al., 2014). One of the most common types of 
flavonoids found in grapes are anthocyanins. These compounds provide health benefits due to 
their high antioxidant capacities, which plays a major role in regulating cellular stress. (Murphy, 
et al., 2011; Forman, et al., 2010; Georgieve, et al., 2014). Antioxidants help the body by 
controlling oxidative stress and preventing oxidative damage. Both anthocyanin isolates and 
anthocyanin-rich mixtures of bioflavonoids provide cardiovascular protection, inhibit tumor 
formation, enhance capillary strength, enhance cognitive performance, and decrease 
inflammation. (Lila, 2004; Choi, et al., 2012; Georgieve, et al., 2014).  
Growing conditions and cultural practices inherently affect the marketability traits of 
table grapes. For example, light exposure has a positive effect on cluster anthocyanin 
concentration. Berry flavanol synthesis is also sensitive to light conditions (Reynolds and 
Heuvel, 2009; Wanga et al., 2016). Cluster thinning strongly affects anthocyanin biosynthesis in 
the skin of grape berries, usually producing more desirable visual and flavor qualities 
(Dokoozilian and Hirschfelt, 1995; Gil et al., 2013; Hannam et al., 2015; Xi et al., 2016). For 




local produce year-round (Carey et al., 2009; Rogers and Wszelaki, 2012). Furthermore, high 
tunnels increase the temperature of the growing site, resulting in an increase of ripening and 
sugar development. This results in the development of sweeter grapes (Rogers and Wszelaki, 
2012; Janke et al., 2017; Muskett, 2018).  
After development, postharvest handling can have major impacts on the quality of table 
grapes. Since grapes have moisture content, this fruit can be susceptible to damage by 
pathogenic fungi if proper storage methods are not employed. While grapes are being stored at 
markets and in consumers’ homes, the berries may exhibit various types of deterioration, 
including fungal rot, moisture loss, berry drop, and diminished flavor (Ma et al., 2016; Chironi, 
et al., 2017). In 2016, Ma et al. studied the effect of storage time in a standard home 
refrigerator on various sensory qualities. Taste and texture declined most rapidly during 
storage, decreasing the overall consumer acceptance after just 5 days of storage. (Ma et al., 
2016). A similar consumer study by Chironi et al. in 2017 also found texture and consistency to 
be highly impacted by storage time (Chironi, et al., 2017). Both duration of storage and storage 
temperature effect the rate of decay for table grapes. Cold temperatures are crucial to 
maintaining quality of grapes while they are transported to markets (Laszlo, J.C., and Saayman, 
D. 1992; Burger, et al., 2005). This issue was studied by Burger, et al. in 2005 with `Thomposon 
Seedless’ grapes. One group was stored at -0.5°C for an entire eight weeks. Meanwhile, other 
grapes were initially stored at -0.5°C storage and then moved into a 10°C storage at designated 
points during the 8 weeks. Though berry split and berry drop increased for all treatments over 
time, the latter group had significantly higher berry split than berries stored consistently at low 




may be extended by chemical means, such as sulfur dioxide fumigation or storage within 
elevated carbon dioxide environments. Such methods may allow for grapes to be preserved 
during extended storage times, up to ninety days or more, an especially important aspect for 
grapes that are transported on an international scale (Chrisosto, et al., 2002; Zutahy, et al., 
2008; Chironi, et al., 2017). Additionally, production system may impact the durability of table 
grape characteristics during storage. In a 2018 study by Felts, various marketability 
characteristics of high tunnel-grown table grapes were evaluated and compared to outdoor-
grown grapes. During storage, the high tunnel-grown fruit had lower weight loss, less berry 
drop, less decay, and firmer texture measurements when compared to outdoor-grown grapes. 
These findings indicated that high tunnel production improved the storage durability and 
postharvest quality of table grapes (Felts, 2018).  
Conclusion 
Viticulture has been a developing practice for centuries, rapidly expanding from its 
Middle Eastern origins to become popular around the globe. As a crop, grapes are versatile and 
adaptable to different growing systems. They require attention and management, but studies 
indicate that the greater amount of attention received usually pays off in the heightened 
quality of the finished product. One of the largest inhibitors for viticulture is cold weather, 
which decreases grapevine growth and can even damage the plant. This environmental 
situation can be addressed with the use of high tunnels. Additionally, disease pressure can be 
decreased by the extra protection within a high tunnel. By providing a greater regulation of 
temperature, among other benefits, high tunnels can allow for viticulture in regions where 




production; thus, further research may be required to determine how cultural practices should 
be adapted to this type of system. Presumably, grapevines within a tunnel would respond well 
to standard practices applied in conventional vineyards; however, this should be further 
analyzed to gain sufficient knowledge of the system and the grapevine’s response to a 
controlled environment. Over time, high tunnel systems may be able to provide growers with a 
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Fruit quality and marketability assessment of three Arkansas table grapes with the 
application of cluster thinning grown at two locations under high tunnels. 
Abstract  
Grapes (Vitus vinifera) are one of the most valuable horticulture crops world-wide.  Production 
in the United States is limited by climate and pest issues. The fruit quality and marketability of 
four Arkansas table grape cultivars grown under high tunnel (HT) systems were accessed, and 
the effect of cluster thinning on postharvest attributes of table grapes grown in high tunnel 
systems were determined. In this two-year study, the cultivars, Faith, Gratitude, Hope, and 
Jupiter, were grown in HT systems and assessed for postharvest qualities at harvest. The table 
grapes were grown on a Geneva Double Curtain trellis system in two HT systems (University of 
Arkansas System Division of Agriculture Research and Extension Center, Fayetteville and a 
private farm in Cabot) in Arkansas (USDA hardiness zones 7a and 7b, respectively). In 
Fayetteville, two cluster thinning treatments: none and pea-sized berry were applied and in 
Cabot, three cluster thinning treatments: none, pea-sized berry, and veraison were applied to 
the vines. Four kg of grapes were harvested from each location in July 2018 and August 2019. 
For each location, two clusters were placed in a 0.9 kg vented clamshell in triplicate for 
postharvest analyses. Fruit was evaluated for marketability fruit quality and composition 
attributes at harvest. Two clusters per clamshell were evaluated in triplicate for berry attributes 
(berry weights, berry size, skin color, and texture), composition attributes (soluble solids, pH, 
titratable acidity, soluble solids/titratable acidity ratio, sugars, and organic acids), and 




4.65 g, soluble solids from 15.6-18.9%, pH from 3.4-3.9, and titratable acidity from 0.4–0.6%. 
The cultivar Jupiter had a high soluble solids/titratable acidity ratio, which is positive for flavor. 
‘Gratitude’ had firm berries and saturated berry color. Berry drop was high for ‘Jupiter’. ‘Faith’ 
was disease-stressed in both years and had high levels of decay, while the other cultivars had 
low levels of decay. At Cabot, berry weight ranged from 3.39-4.35 g, soluble solids from 14.41-
17.92%, pH from 3.51-3.95, and titratable acidity from 0.4-0.5%. Regarding marketability 
attributes, the cultivar Jupiter had a high sugar to acid ratio. ‘Jupiter’ had high levels of berry 
drop. ‘Hope’ had rich berry coloration. Overall, cluster thinning in the tunnels did not produce 
consistent results for marketability. The cultivars Jupiter and Gratitude had positive 
marketability traits. High tunnels showed potential as production systems for table grapes.  
Introduction 
 Table grapes (Vitus vinifera L.) have been a highly valued fruit crop worldwide for 
centuries. Based on archaeological research, grapes were likely domesticated around 6000-
8000 years ago in the South Caucasus region, thus grouping them among the oldest of 
cultivated crops (Ayala, 2011; Miller and Gross, 2011; Myles et al., 2011). In the current market, 
grape production is ranked among the top horticulture industries in the world. In 2017, 
approximately 75 million tonnes were produced globally with the majority of production 
occurring in China. In the United States, production reached 1.2 million tonnes by 2014, a 23% 
increase from 2000 (FAO, 2016).  
Throughout the history of viticulture, fruit breeding endeavors have been responsible 




Galletta and Himelrick, 1990).  Vitis species that are native to North America generally differ in 
environmental tolerance and fruit characteristics compared to European species. Over the past 
century, interspecific hybridization has been used to combine these species’ most desirable 
traits, often with the intention to create the flavor profile of European species with the stronger 
pest and disease tolerances found in American species. (Galletta and Himelrick, 1990; O’Daniel 
et al., 2014). Despite innovations by breeders, table grape production in the southeastern 
United States has historically remained limited due to the regional climate.  Table grape 
breeding efforts at the University of Arkansas System Division of Agriculture (UA System) were 
initiated by Dr. James N. Moore in 1964 with the intention to generate high quality, seedless 
cultivars well suited to this geographic area (Clark, 2003; Stafne et al, 2015). In 1977, their first 
table grape cultivar, Venus, was released (Clark and Moore, 1999). Since that time, an 
additional 12 cultivars have been released from the program with `Compassion’ the most 
recent (Clark et al., 2018). Among these Arkansas cultivars, selections have been made to 
improve grapevine durability against winter damage and postharvest stress as well as to 
generate fruit with better texture and unique flavors for consumer appeal (Stafne et al., 2015).  
One of the cultivars developed early by the UA System was ‘Jupiter’ (cross of Ark. 1258 x 
Ark. 1672).  Released in 1999, this cultivar has been popular due to its unique, muscat flavor as 
well as early-ripening date, strong hardiness levels, and high health ratings. `Jupiter’ berries are 
usually large, blue, and oval. Clusters of this cultivar tend to be medium and well-filled (Clark 
and Moore, 1999).  In 2013, several additional cultivars were released from the program, 
including `Faith’ (cross of Ark. 1962 x `Jupiter’), `Gratitude’ (cross of Ark. 1925 x Ark. 1581), and 




this cultivar has a fruity rather than muscat flavor. `Faith’ berries are generally medium, dark 
blue, and elliptical. The clusters are typically well-filled, and the vines have a high health rating.  
`Gratitude’ berries exhibit outstanding crispness and a mild, pleasant flavor. Vines of this 
cultivar tend to produce green, narrow-elliptic berries and large clusters. `Hope’ has exceptional 
productivity, high health ratings, and high winter hardiness. The berries of `Hope’ are small, 
green, and elliptical.  The clusters tend to be medium in size and very tight (Clark and Moore, 
2013).  
During the growing season, grape vines require a great amount of management to 
foster healthy growth and fruit quality. Along with pruning, combing vines, and leaf thinning, 
many viticulturists apply cluster thinning (Bubola et al., 2007; Jones et al., 2018; Voischenk and 
Hunter, 2001). This practice entails the removal of entire clusters from the vine, thereby 
reducing yield. As a result, greater amounts of nutrients can be allotted to the remaining berry 
load (Bogicevic et al., 2015; Hannam et al., 2015; Smithyman et al., 1998).  Studies have shown 
that cluster thinning can often improve berry size, cluster size, color, and sugar content 
(Dokoozilian and Hirschfelt, 1995; Gil et al., 2013; Wang et al., 2017; Weaver and Pool, 1972). 
Cluster thinning can be employed at various stages of plant growth (Dokoozilian and 
Hirschfelt, 1995). The two main periods to apply cluster thinning are pre-bloom and post fruit 
set. At pre-bloom, cluster thinning consists of removing flower clusters. Usually, though, growers 
conduct cluster thinning at post-fruit set, the stage at which berries have begun to develop. In a 
previous study by Reynold et al., cluster thinning applied to ‘Pinot Noir’ vines caused an increase 
in berry size (1994). However, other research studies on the culitvar Tempranillo have shown no 




et al., 2009). Due to inconsistencies such as these, the influence of cluster thinning on table grape 
berry characteristics may be cultivar specific.  
 Along with responsible management, another way that growers in the southeastern 
United States may be able to improve production is through the use of high tunnel 
technologies. High tunnels are covered, semi-permanent structures that allow greater control 
over temperature while reducing crop exposure to precipitation. Since the 1990’s, these 
structures have gained popularity for many situations, especially for growing warm season 
crops (Carey et al., 2009; Demchak, 2009; Tuzel, and Oztekin, 2015). While the performance of 
high tunnels with other horticulture crops, such as tomatoes and lettuce, has been positive, the 
effects of this growing environment on table grapes has not been well explored. Many 
characteristics of high tunnel technology may facilitate improved grape cultivation. For 
instance, high tunnels allow for better temperature regulation, especially for maintaining a 
warm growing area throughout the entire year (Demchak, 2009; Janke et al., 2017; Rogers and 
Wszelaki, 2012). This is especially helpful for grapes, since this crop tends to thrive in warm 
climates while typically being limited by regional winter temperatures (Hou et al., 2018; 
Reynolds and Heuvel, 2009). Crops within the tunnel are also shielded from precipitation, which 
is known to reduce disease pressure and improve overall crop quality (Demchak, 2009; Lamont, 
2009).  
 In any growing conditions, fruit quality is of utmost importance to the grower. Even if 
the table grapes appeared to grow well in tunnels, growers would need to be assured that this 
fruit would have equal or better quality than grapes grown conventionally (field). Consumers 




taste (Chironi, et al., 2017; Ma et al., 2016). Generally, consumers prefer large and consistently-
sized berries with a pleasant shape. Also, berries have a more favorable appearance when they 
are attached to a green, healthy peduncle and rachis and have a high resistance to cluster 
detachment (Abu-Zahra and Salameh, 2012; Creasy and Creasy, 2009; Chironi, et al., 2017; Ma 
et al., 2016). Attractiveness is also heightened when the grapes have a rich, uniform color 
(Chironi, et al., 2017; Gil et al., 2013; Lijavetzky et al., 2012; Ma et al., 2016; Xi et al., 2016). 
Regarding texture, consumers tend to prefer very crisp berries with a plump, juicy pulp (Chironi, 
et al., 2017; Ma et al., 2016).  
Naturally, the overall marketability (the ability of a commodity to be sold as marketed) 
of grapes is especially dependent upon flavor (Chironi, et al., 2017; Ma et al., 2016). Both sweet 
and sour tastes should be perceptible, but the berries should be predominantly sweet. (Chironi, 
et al., 2017; Creasy and Creasy, 2009; Maante et al., 2015). Since having a warmer growing site 
typically results in both increased ripening and sugar development, high tunnel use may 
improve the sweetness and flavor appeal of grapes (Janke et al., 2017; Muskett, 2018; Rogers 
and Wszelaki, 2012). High tunnel production may also address the rising consumer demand for 
fresh, local produce year-round (Carey et al., 2009; Rogers and Wszelaki, 2012). 
Although table grapes are a valuable horticulture crop and produced world-wide, 
production in some area of the United States is limited by climate and pest issues. The use of 
high tunnel systems can be used to expand production of table grapes, thereby supporting local 
food systems. The first objective of this project was to assess the fruit quality and marketability 




second objective to this work was to determine the effects of cluster thinning on postharvest 
attributes of table grapes grown in high tunnel systems.   
Materials and Methods 
Grape Cultivars 
All cultivars in this project are Vitus hybrids developed by the UA System Fruit Breeding 
Program. The four culitvars in this project, Faith, Gratitude, Hope, and Jupiter, were chosen 
base on useful characteristics, including seedlessnesss, high skin quality, fruit cracking 
resistance, good vine health, and winterhardiness (Clark ans Moore, 2013). 
High Tunnel Vineyards 
Table grape performance in high tunnel systems was evaluated at two locations, one at 
the UA System Research and Extension Center Station in Fayetteville, AR (Latitude: 36-04'23'' N 
Longitude: 094-09'55'' W) and the other at a privately-owned farm in Cabot, AR (Latitude: 34-
58'36'' N Longitude: 092-01'36'' W). An outdoor vineyard comparison site was grown at the UA 
Systems Fruit Research Station in Clarksville, AR (Latitude: 35-27'24'' N Longitude: 093-28'51'' 
W).  
In Fayetteville, the high tunnel was an 8 m x 61 m single bay Haygrove Super Solo Tunnel 
(Haygrove Tunnels, Haygrove USA, Mount Joy, Pa) covered by a single layer of 4 mm 
polyethylene plastic with ultraviolet (UV) protection. Generally, the tunnel was kept open to 
provide ventilation and only completely closed during periods of extremely low outdoor 




x 0.6 mm) Tek-Knit exclusion netting (Tek-Knit Industries, Quebec, Canada). This netting was 
not used in 2019 due to air circulation limitations encountered in 2018; however, bird netting 
was used in 2019 to manage pest issues. This tunnel covered 0.036 ha and contained three 
cultivars: (Faith, Gratitude, and Jupiter). Vines were bought as one-year old, bare root plants 
from Double A Nursery (Fredonia, NY) and planted in spring 2014.  All vines at this location 
were three years old at the start of this project. Spacing between vines and between rows was 
2.5 m. Each row contained a total of 18 plants, six of each cultivar. Vines at both locations had 
2.3 m total cordons. During the 2018 season, there were 10 pesticides applications (10 
fungicides and four insecticides). In 2019, there were nine pesticide applications (nine 
fungicides and four insecticides) (Appendix A). Average temperatures and relative humidity 
were recorded inside the Fayetteville high tunnel in both the 2018 and 2019 seasons 
(Watchdog 2700 Series Weather Station, Spectrum Technologies, Aurora, IL) (Table 1). 
At the farm in Cabot, the high tunnel was a 7 m x 92 m multi-bay Haygrove Tunnel 
(Haygrove Tunnels, Haygrove USA, Mount Joy, PA) covered by a single layer of 4 mm 
polyethylene plastic with UV protection. This tunnel covered 0.053 ha and contained the 
cultivars: Gratitude, Hope, and Jupiter. These vines were obtained in 2017 from Double A 
Nursery (Fredonia, NY) as one-year old, bare roots and planted in early spring 2017. However, 
most of the ‘Gratitude’ plants died during the winter due to low temperature damage and 
therefore, were not included in this study. Spacing between vines and between rows was 2.5 m. 
Each row contained nine vines of `Hope’ and nine vines of `Jupiter’. During the 2018 season, 
there were eight pesticides applications (eight fungicides and three insecticides). In 2019, there 




Three types of trellis systems were used in each high tunnel: Geneva Double Curtain 
(GDC), Modified Double High Cordon West, and Modified Double High Cordon East, and then 
the two modified cordons were on the east and west sides of the tunnel. These cordons were 
trained so that the height of the cordon closest to the edge of the tunnel was lower to fit the 
slope of the tunnel. The GDC was located in the center of the tunnel. For this project, only fruit 
from the GDC was evaluated. Standard cultural recommendations (Zabadal, 2002) were applied 
at both locations, including dormant pruning (30 + 10 formula used), shoot thinning, combing, 
and leaf removal treatments (Morris and Cawthon, 1980; O’Daniel et al., 2014).  
The outdoor vineyard was established with a GDC trellis system and included four 
cultivars (Faith, Gratitude, Hope, and Jupiter). The `Jupiter’ vines were five years old, while the 
`Gratitude’, `Faith’, and `Hope’ vines were eight years old. The grapes were grown 
conventionally (Zabadal, 2002) and received dormant pruning, but no other cultural practices 
were applied. Average monthly high and low temperatures and cumulative rainfall was tracked 
for the outdoor vineyard by a USDA weather station. These measurements were recorded for 
the months of January through August in both the 2018 and 2019 seasons (Fig. 1 and 2).  
Cluster Thinning 
Cluster thinning treatments (A. Allen, personal communications, 2011) were applied at 
both HT locations. In Fayetteville, two different cluster thinning treatments were applied: no 
thinning or thinning at pea-sized berry development. Vines were randomly assigned one of 
these treatments so that three vines from each cultivar received “no thinning” and three vines 




thinning group, amount of thinning was based upon shoot length: a shoot of less than 20 cm 
had all clusters removed, a shoot between 20–50 cm had all but one cluster removed, and 
shoots longer than 50 cm had all but two clusters removed (Personal Communications, Allen, 
2011). In Cabot, three different cluster thinning treatments were used (no thinning, thinning at 
pea-sized berry development, or thinning at veraison). Vines were randomly assigned one of 
these treatments so that three vines from each cultivar received “no thinning”, three vines of 
each cultivar received cluster thinning at “pea-sized berry development”, and three vines of 
each cultivar received cluster thinning at “veraison”. Amount of cluster thinning was 
determined by shoot length, following the same protocol as in the Fayetteville site. The same 
cluster thinning protocols were applied to the same vines in 2019. Thus, all vines in the non-
thinned group in 2018 were also in the non-thinned group in 2019 and all thinned vines in 2018 
were also thinned in 2019. 
Harvest 
The grapes were harvested based on the cultivar achieving soluble solids of 15-16% 
(Table 2). Grape clusters were harvested into paper sacks (approximately 2-3 clusters, 
depending on cultivar and cluster size) from each individual plant (three plants per cultivar per 
thinning treatment) for an approximate total of 5 kg per vine. Then, the clusters were placed in 
coolers chilled with ice packs. The coolers were transported to the UA System Food Science 
Department in Fayetteville where the clusters were randomized into 15 0.9 kg clamshells (Kurt 






Weight. The berry weight (g) was measured on a digital scale (PA224 Analytic Balance, 
Ohaus Cooperation, Parsippany, NJ).  
Berry size. The berry length (mm) and width (mm) were measured using digital calipers 
(VWR Traceable Digital Calipers, VWR Radnor, PA). 
Firmness. The texture of the berry was assessed using a Stable Micro Systems TA.XT.plus 
Texture Analyzer (Texture Technologies Corporation, Hamilton, MA). Berries were 
placed horizontally on the plate, and the probe was lowered at a rate of 2 mm/sec until 
it contacted the berry (trigger force 0.02 N). Penetration force indicated “firmness” (N). 
The skin elasticity was calculated as the distance traveled before the berry was 
penetrated with the probe, measured in millimeters (mm).  
Color. A Konica Minolta CR-400 Chroma Meter (Konica Minolta Inc, Ramsey, NJ) was 
used for color analysis of the skin of the berries. Perceivable color was indicated by five 
colorimetric values. The L* value represented lightness on a scale of 0 (opaque) to 
transparent (100). The C* value represented the chroma coordinate, describing color 
saturation on a scale of -C* (duller) to +C* (brighter). The h* value denoted the “hue 
angle” or fundamental color in degrees from 0 to 360°, where 0° = red, 90° = yellow, 





Soluble solids (SS). The SS (%) of the juice was measured with an Abbe Mark II 
refractometer (Bausch and Lomb, Scientific Instrument, Keene, NH).  
pH and titratable acidity (TA). The pH and TA of the juice was evaluated using a Titrino 
plus 862 compact titrosampler (Metrohm AG, Herisan, Switzerland) with the electrode 
standardized to pH 4.00, 7.00, and 10.00 buffers. For TA, about six grams of juice was 
diluted with 50 mL dionized, degassed water for assessment of TA (%). These samples 
were assessed with the compact titrosampler, using 0.1 N sodium hydroxide to an 
endpoint of pH 8.2. TA was expressed as percentage of tartaric acid.   
Sugars and organic acids. The sugars (glucose and fructose) and organic acids(tartaric, 
malic, and isocitric) were evaluated in the juice. The juice was filtered through a 0.45 μm 
nylon filter (VWR International, Radnor, PA) and evaluated using high performance 
liquid chromatography (HPLC). These compounds were measured using previously 
established HPLC procedures (Walker et al., 2003; Segantini et. al., 2018). The HPLC 
instrument included a Bio-Rad HPLC Organic Acid Analysis Aminex HPX-87H ion 
exclusion column (300 × 7.8 mm), Bio-Rad HPLC Fast Acid Analysis column (100 x 7.8 
mm), and a Bio-Rad HPLC column for fermentation monitoring (150 × 7.8 mm) in series 
(Bio-Rad, Hercules, CA). A Bio-Rad MicroGuard Cation-H refill cartridge (30 × 4.5 mm) 
was used for a guard column. A temperature control unit regulated column 
temperature, maintaining a level of 65 °C. The mobile phase involved a pH 2.28 solution 
of water and sulfuric acid with a resistivity of 18 M. This was obtained from a Millipore 
Milli-Q reagent water system. The sulfuric acid solution was used as the solvent with a 




(Waters Corporation, Milford, MA) was used for solvent delivery. For all samples, 
injection volumes were 10 μL and total run time was 35 min. A Waters 410 differential 
refractometer measured refractive index. This was connected in series with a Waters 
996 photodiode array detector that monitored the eluting compounds. Organic acids 
were detected by photodiode array at 210 nm, while sugars were detected by the 
differential refractometer. Then, peaks were quantified using external standard 
calibration based on peak height estimation with baseline integration. Results were 
recorded for individual sugars and organic acids (g/L) as well as total sugars (the sum of 
glucose + fructose) and total organic acids (the sum of tartaric+malic + isocitric). 
Marketability Analysis. On the day of harvest, three clamshells per cultivar per treatment were 
designated for analysis of marketability attributes. Data was collected at harvest from these 
clamshells regarding cluster weight, cluster count, number of berries, decay, and berry drop.  
Cluster weight and cluster count. Each clamshell was weighed (g) for total weight at 
harvest. The number of clusters and number of berries were recorded for each sample. 
Decay and berry drop. At harvest and during storage, each clamshell was examined for 
total number of decayed berries (visible rot or mold) and total berry drop (berries 
detached from rachis). Percent of decay was calculated as (number of decayed berries 
divided by total berry count) x 100.  Berry drop was calculated as (number of dropped 
berries divided by total berry count) x 100.   
 




 After harvest, clusters from each cultivar and treatment were completely randomized. 
Samples for berry and compositional analyses followed a split plot design while marketability 
analysis samples followed a repeated measures design. Statistical analyses were conducted 
using JMP® (version 14.3.0; SAS Institute, Cary, NC). A univariate analysis of variance (ANOVA) 
was used to determine significance of main factors (cultivar and cluster thinning treatment) and 
interactions. Tukey’s Honestly Significant Difference (HSD) test was used to detect significant 
differences (p < 0.05) among means and verify interactions at 95% significance level. 
Results 
In 2018 the average temperature during the growing season in Clarksville was 22° C. For 
the 2019 season, the average temperature was 21° C. Relative humidity in 2018 and 2019 was 
65% and 68%, respectively (Table 1).  
High Tunnel Fayetteville 
In 2018 and 2019, the impact of two cluster thinning treatments (no thinning or thinning 
at pea-sized berries) on the postharvest attributes at harvest of grapes from three cultivars 
(Faith, Gratitude, and Jupiter) was evaluated. The impact on berry attributes and marketability 
attributes (Table 3) and composition attributes varied (Table 4). In both years, cultivar impacted 
the L*, decay, pH, tartaric acid, and total organic acids. In 2018, thinning only impacted rupture 
force and in 2019 skin elasticity.  In both years, there was a significant cultivar x thinning 





Berry weight, width, L*, rupture force, skin elasticity, and decay varied by cultivar.  
Rupture force was the only variable affected by thinning (Table 3). There was a cultivar by 
thinning interaction for chroma. The cultivar Jupiter had the highest berry weight (4.65 g), 
whereas ‘Gratitude’ (3.11 g) and ‘Faith’ (3.31 g) were not different from each other. The cultivar 
Jupiter had the largest width, but ‘Gratitude’ and ‘Faith’ were not different (17.76 mm, 15.10 
mm, 15.51 mm, respectively) (Table 3).  
   ‘Gratitude’ had the highest L* level (43.15) and ‘Jupiter’ (32.81) was higher than ‘Faith’ 
(26.98). A cultivar by thinning interaction was observed for chroma (Fig. 3). Among non-thinned 
vines, ‘Gratitude’ had the highest level (14.31), while ‘Faith’ had the lowest (1.77). Thinned 
‘Faith’ (4.65) was lower than thinned ‘Gratitude’ (14.19) and ‘Jupiter’ (6.43); however, they did 
not differ from each other. Hue had no differences among cultivars, thinning treatments, or 
interactions (Table 3).  
For texture attributes, cultivar impacted both rupture force and skin elasticity, but only 
rupture force was impacted by thinning. The cultivar Gratitude had the highest rupture force 
(15.2 N), whereas ‘Faith’ (6.64 N) and ‘Jupiter’ (6.87 N) did not vary. Non-thinned vines had a 
higher rupture force (10.02 N) than thinned vines (9.12 N). The cultivar Faith had the lowest 
skin elasticity (4.02 mm), while ‘Gratitude’ (5.95 mm) and ‘Jupiter’ (5.86 mm) were not different 
from each other (Table 3).  
In terms of marketability attributes, only the decay varied by cultivar. The cultivar Faith 
had the highest percent decay (5.37%) and was higher than ‘Gratitude’ (1.05%); however, 




The SS, pH, TA, and SS/TA were impacted by cultivar. SS, pH, and SS/TA were impacted 
by thinning. The cultivar Faith had the highest SS (18.85%), whereas ‘Gratitude’ (16.5%) and 
‘Jupiter’ (17.35%) were not different. Non-thinned vines had higher SS (18.0%) compared to 
thinned vines (17.1%). The cultivar Gratitude had the lowest pH (3.43), while ‘Faith’ (3.76) and 
‘Jupiter’ (3.81) were not different from one another. Non-thinned vines had higher pH (3.72) 
compared to thinned vines (3.61). The cultivar Gratitude had higher TA (15.2%); however, 
‘Faith’ (0.47%) and ‘Jupiter’ (0.49%) did not differ from one another. The SS/TA ratio for the 
cultivar Gratitude (25.38) was lowest, while the cultivars Faith (40.11) and ‘Jupiter’ (35.41) did 
not differ from each other. Non-thinned vines had a higher SS/TA (33.96) than thinned vines 
(30.91) (Table 4).  
For sugars and acids, cultivar impacted tartaric acid, malic acid, and total organic acids, 
but there was not thinning effect except for total organic acids (Table 4). A cultivar x thinning 
interaction was observed for glucose, fructose, total organic sugars, and citric acid. Among non-
thinned vines, ‘Faith’ had a higher glucose concentration (74.26 g/L) than ‘Gratitude’ (52.91 g/L) 
(Fig. 4). For non-thinned vines, ‘Faith’ had a higher fructose concentration (78.93 g/L) than the 
cultivars Gratitude (58.48 g/L) and Jupiter (60.78 g/L) (Fig. 5). Non-thinned ‘Faith’ had higher 
total sugars level than all other cultivars and thinning groups (Fig 6). Among non-thinned vines, 
‘Faith’ had a lower citric acid concentration (0.17 g/L) than both ‘Gratitude’ (0.26 g/L) and 
‘Jupiter’ (0.25 g/L) (Fig. 7). For thinned vines, the cultivar Faith had the lowest citric acid 
concentration (0.16 g/L), while ‘Jupiter’ had the highest (0.25 g/L).  The cultivar Jupiter had the 
lowest tartaric acid concentration (1.44 g/L); however, ‘Gratitude’ (1.70 g/L) and ‘Faith’ (1.65 




g/L), whereas ‘Gratitude’ (2.41 g/L) and ‘Jupiter’ (2.20 g/L) did not vary from one another. Total 
organic acids were highest for ‘Gratitude’ (4.35 g/L), followed by ‘Jupiter’ (3.89 g/L) and ‘Faith’ 
(3.43 g/L) (Table 4). 
2019.  
Cultivar impacted L*, hue, decay, pH, tartaric acid, citric acid, and malic acid (Table 3 
and 4). Thinning had an effect on length, skin elasticity, and drop.  There was a cultivar x 
thinning interaction for chroma, SS/TA, glucose, fructose, and total organic sugars. 
Berry length varied by thinning treatment. Non-thinned vines had lower berry length 
(22.76 mm) compared to thinned vines (23.86 mm) (Table 3).  
L* differed among cultivars only. ‘Gratitude’ (42.02) had a higher level than ‘Jupiter’ 
(35.44); however, ‘Faith’ (38.74) did not differ from either of these cultivars. Interactions 
between cultivar and thinning treatment were observed for chroma (Fig. 3). Among thinned 
vines, ‘Jupiter’ was lower (7.47) than Gratitude (14.13) and Faith (11.49) cultivars. Hue varied by 
cultivar, but there was no thinning effect. ‘Gratitude’ (114.30) was higher than ‘Jupiter’ (95.81), 
while ‘Faith’ (111.06) was not different from any other cultivar (Table 3).  
For the texture attributes, rupture force had no differences among cultivar, thinning 
treatments, or interaction. Skin elasticity varied by thinning treatment. Non-thinned vines were 
greater (5.51 mm) than thinned vines (4.76 mm) (Table 3).   
In terms of marketability attributes, berry drop varied by thinning treatment, but there 
was no difference among cultivars. Non-thinned vines had lower berry drop (5.01%) compared 




cultivar had the highest decay (6.79%), whereas Gratitude (0.57%) and Jupiter (1.43%) cultivars 
were not different from each other (Table 3).  
Interactions between cultivar and thinning treatment were observed for SS, percent TA, 
and the SS/TA ratio. In the non-thinned group, ‘Jupiter’ had higher SS (17.77%); however, 
‘Gratitude’ (14.70%) and ‘Faith’ (14.83%) did not differ from each other (Fig. 8). Among thinned 
vines, the cultivar Jupiter was lower (0.36%) in TA, while ‘Gratitude’ (0.59%) and ‘Faith’ (0.53%) 
were not different (Fig. 9). Non-thinned ‘Jupiter’ had higher SS/TA (49.99) than thinned ‘Jupiter’ 
(36.62); however, the thinned ‘Gratitude’ and ‘Faith’ had higher ratios than their non-thinned 
counterparts (Fig. 10). Cultivars varied in pH, though there was no thinning effect. The cultivar 
Jupiter had the highest pH (3.92) while Faith (3.63) and Gratitude (3.61) cultivars were not 
different (Table 4). 
Interactions were observed between cultivar and thinning for glucose, fructose, and 
total organic sugars. For non-thinned vines, ‘Jupiter’ had a lower glucose concentration (24.38 
g/L) than both Faith (79.40 g/L) and ‘Gratitude (82.10 g/L) cultivars. Among thinned vines, the 
cultivar Jupiter (20.14 g/L) was lower in glucose than both ‘Faith’ (88.10 g/L) and ‘Gratitude’ 
(98.85 g/L) (Fig. 4). Non-thinned ‘Jupiter’ had a lower fructose concentration (27.06 g/L) than 
both ‘Faith’ (98.88 g/L) and ‘Gratitude’ (96.65 g/L) (Fig. 5). Thinned ‘Gratitude’ (217.33 g/L) had 
higher sugars than non-thinned ‘Gratitude’ (178.75 g/L) (Fig. 11).  
Citric acid, tartaric acid, and total organic acids varied among cultivars, but no thinning 
effect was observed (Table 4). ‘Jupiter’ had the highest citric acid concentration (0.49 g/L) and 




cultivar. The cultivar Jupiter had the lowest tartaric acid concentration (2.76 g/L); however, 
Gratitude (4.91 g/L) and Faith (4.29 g/L) cultivars did not vary from each other. Total organic 
acids were highest for the cultivar Gratitude (8.86 g/L) and lowest for Jupiter (6.58 g/L); 
however, ‘Faith’ (8.47 g/L) did not differ from any other cultivar. Malic acid had no differences 
among cultivars, thinning treatments, or interactions. (Table 4).  
Cabot. 
In 2018 and 2019, the impact of three cluster thinning treatments (no thinning, thinning 
at pea-sized berries and thinning at veraision) on the postharvest attributes at harvest of grapes 
from two cultivars (‘Hope’ and `Jupiter’) was evaluated. The impact on berry attributes and 
marketability attributes (Table 5) and composition attributes varied (Table 6). In both years, 
cultivar had an effect on berry weight, width, L*, chroma, rupture force, skin elasticity, pH, citric 
acid, malic acid, and total organic acids.  In 2018, there were cultivar x thinning interactions for 
SS, TA, SS/TA, glucose, fructose, and total organic sugars but none for 2019. 
2018. 
Cultivar impacted berry weight, berry length, berry width, pH, SS, TA, rupture force, skin 
elasticity, L*, hue, citric acid, malic acid, and total organic acids, while thinning impacted berry 
length and berry width. There were significant cultivar x thinning interactions for SS, TA, SS/TA, 
glucose, fructose, and total organic sugars (Tables 5 and 6).  
Berry weight varied by cultivar. The cultivar Jupiter had a higher berry weight (4.35 g) 
compared to ‘Hope’ (3.58 g) (Table 5). Berry length varied by both cultivar and thinning 




compared to ‘Jupiter’ (22.05 mm). Non-thinned vines had a shorter berry length (21.93 mm) 
than pea sized-thinned (23.90 mm); however, veraison-thinned vines did not differ from either 
thinning treatment (22.81 mm). Berry width differed among cultivars and thinning treatments 
but no interaction was observed. The cultivar Jupiter had a larger berry width (17.30 mm) than 
‘Hope’ (15.27 mm). Pea size-thinned vines had a larger berry width (17.04 mm) than non-
thinned vines (15.57 mm), while veraison-thinned vines (16.23 mm) did not differ from the 
other treatments (Table 5).  
L* level and chroma varied by cultivar. The cultivar Hope (42.50) had a higher L* 
compared to ‘Jupiter’ (32.50). Chroma differed by cultivar though no thinning effect was 
observed. ‘Hope’ (11.47) had a higher level than ‘Jupiter’ (7.13). Hue had no differences among 
cultivars or thinning treatments (Table 5).  
In regards to texture, rupture force and skin elasticity differed by cultivar. The cultivar 
Hope had a higher rupture force (16.65 N) compared to ‘Jupiter’ (4.88 N). ‘Hope’ had a greater 
skin elasticity level (7.74 mm) than ‘Jupiter’ (5.31 mm) (Table 5).  
In 2018, cultivar data for marketability attributes was not recorded for ‘Hope’ because 
of high disease incidence in this cultivar. Percent berry drop and percent decay of ‘Jupiter’ were 
9.26 and 0.73, respectively (Table 5).  There was not a thinning effect for these attributes.  
Cultivar by thinning interactions were observed for percent SS, TA, SS/TA ratio, glucose, 
fructose, and total organic sugars. Among thinning treatments, veraison-thinned ‘Jupiter’ had a 
higher SS percent (18.77%) than veraison-thinned ‘Hope’ (17.33%). Pea size-thinned ‘Jupiter’ 




Jupiter (0.46%) was lower in TA than veraison-thinned ‘Hope’ (0.54%), and pea size-thinned 
Jupiter (0.45%) was lower than pea size-thinned Hope (0.54%) (Fig. 13). Non-thinned ‘Jupiter’ 
(32.03) had a lower ratio than pea-size thinned ‘Jupiter’ and veraison-thinned ‘Jupiter’ (40.30 
and 41.43, respectively) (Fig. 14). Among pea size-thinned vines, the cultivar Hope (54.41 g/L) 
had a smaller glucose concentration compared to ‘Jupiter’ (60.89 g/L). For veraison-thinned 
vines, ‘Hope’ (55.88) had a smaller level than Jupiter (65.64 g/L) (Fig. 15). Among non-thinned 
vines, the cultivar Hope (65.90 g/L) had a higher fructose concentration than ‘Jupiter’ (59.78 
g/L). For pea size-thinned vines, ‘Hope’ (62.26 g/L) had a greater fructose concentration 
compared to ‘Jupiter’ (60.84 g/L) (Fig. 16). Non-thinned ‘Jupiter’ had lower total organic sugars 
(115.85 g/L) than pea size-thinned and veraison-thinned ‘Jupiter’ (121.64 g/L and 131.44 g/L, 
respectively) (Fig. 17).  
pH levels malic acid, citric acid, and total organic acids varied by cultivar. ‘Jupiter’ had 
the higher pH (3.95) compared to ‘Hope’ (3.60). ‘Hope’ had a smaller citric and malic acid 
concentration (0.19 g/L and 1.26 g/L, respectively) compared to ‘Jupiter’ (0.23 g/L and 1.85 g/L, 
respectively). The cultivar Hope (1.26 g/L) had a smaller concentration of malic acid than 
‘Jupiter’ (1.85 g/L). Total organic acids were higher for ‘Jupiter’ (3.52 g/L) compared to ‘Hope’ 
(2.98 g/L) (Table 6). 
2019. 
Cultivar impacted berry weight, berry width, L*, chroma, hue, rupture force, skin 




Thinning impacted SS, SS/TA ratio, total organic sugars, glucose, fructose, tartaric acid, and 
malic acid. There were no cultivar by thinning interactions for any of the attributes measured.   
The cultivar Jupiter had a larger berry weight (4.17 g) than ‘Hope’ (3.39 g). Berry width 
differed between cultivars but there was no thinning effect. The cultivar Jupiter had a greater 
berry width (16.91 mm) than ‘Hope’ (14.86 mm) (Table 5).  
L*, chroma, and hue differed by cultivar, but no thinning effect was observed. ‘Hope’ 
(43.15) had a higher L* level than ‘Jupiter’ (38.36). ‘Hope’ (18.21) had a higher chroma level 
compared to ‘Jupiter’ (10.77). ‘Hope’ (111.23) had a higher hue level than ‘Jupiter’ (94.30) 
(Table 5).  
In terms of texture, the cultivar Jupiter had a higher rupture force (4.11 N) than ‘Hope’ 
(2.95 N), and ‘Hope’ had a greater skin elasticity (7.50 mm) compared to ‘Jupiter’ (6.23 mm) 
(Table 5).  
Regarding marketability traits, percent berry drop and decay differed by cultivar.  
‘Jupiter’ had a higher percent drop (14.38%) compared to ‘Hope’ (2.70%). ‘Jupiter’ had a higher 
percent decay (3.81%) compared to ‘Hope’ (1.60%) (Table 5).  
Percent SS varied by both cultivar and thinning treatment; however, no interaction was 
observed. The cultivar Hope had higher SS (15.56%) than ‘Jupiter’ (14.41%). Non-thinned vines 
had a lower percent (13.57%); however, pea sized-thinned vines (15.17%) and veraison-thinned 
vines (16.22%) were not different (Table 6). pH varied by cultivar, but no thinning effect was 
observed. The cultivar Jupiter had a higher pH (3.78) than ‘Hope’ (3.51). SS/TA ratio varied by 




thinned vines (36.12) and veraison-thinned vines (37.72) did not differ from each other (Table 
6). 
Glucose, fructose, and total organic sugars varied by thinning treatment, though no 
effect was observed by cultivar. Non-thinned vines had the lowest glucose concentration (17.74 
g/L) and veraison-thinned vines had the highest level (21.33 g/L), while pea size-thinned vines 
(20.82 g/L) did not vary from any other treatment. Veraison-thinned vines had the highest 
fructose concentration (25.70 g/L) while non-thinned vines had the lowest (21.51 g/L); 
however, pea size-thinned vines (24.44 g/L) did not vary from any other treatment. Veraison-
thinned vines had the highest total organic sugars (47.03 g/L) and non-thinned vines had the 
lowest (39.25 g/L); however, pea size-thinned vines (45.26 g/L) did not differ from any other 
treatment. Citric acid and total organic acids differed by cultivar. ‘Hope’ had a lower citric acid 
concentration (0.40 g/L) compared to ‘Jupiter’ (0.47 g/L). ‘Hope’ had higher total organic acids 
(8.33 g/L) than ‘Jupiter’ (6.91 g/L). Tartartic and malic acids varied by both cultivar and thinning 
treatment. ‘Hope’ had a higher tartaric acid concentration (4.58 g/L) than ‘Jupiter’ (3.53 g/L). 
Non-thinned vines had the highest tartaric acid concentration (4.79 g/L); however, pea size-
thinned vines (3.52 g/L) and veraison-thinned vines (3.85 g/L) did not vary from each other. The 
cultivar Hope had higher malic acid concentration (3.35 g/L) than ‘Jupiter’ (2.91 g/L). Non-
thinned vines had the lowest malic acid concentration (2.73 g/L) while veraison-thinned vines 
had the highest (3.41 g/L); however, pea size-thinned vines did not vary from any other 






 At the Clarksville location, all vines were grown under field conditions and no cluster 
thinning treatments were applied. The results presented are for comparison purposes only and 
do not represent a statistical control group. With the exception of berry drop, percent decay, 
and citric acid in 2019, cultivar significantly affected all attributes measured.  
Average rainfall during the growing season in 2018 and 2019 was 132 mm and 160 mm, 
respectively (Fig. 1). In 2018 the average temperature during the growing season in Clarksville 
was 22° C. For the 2019 season, the average temperature was 21° C (Fig. 2). 
2018. 
The cultivar Faith had a lower berry weight (2.40 g) than all other cultivars. ‘Hope’ (4.98 
g) was heavier than ‘Gratitude’ (4.00 g); however, ‘Jupiter’ (4.27 g) was not different from 
either of these. The cultivar Faith had the smallest length (16.84 mm), while ‘Hope’ had the 
largest length (26.16 mm). ‘Gratitude’ (23.09 mm) and ‘Jupiter’ (21.53 mm) did not differ from 
each other. The cultivar Faith had the smallest berry width (14.10 mm), while ‘Gratitude’ (16.51 
mm), ‘Hope’ (17.32 mm), and ‘Jupiter’ (17.39 mm) did not vary from each other (Table 7).  
 ‘Faith’ had a lower L* level than all other cultivars (26.64), while ‘Gratitude’ was higher 
than all cultivars (45.21). ‘Hope’ (44.84) and ‘Jupiter’ (33.92) did not vary from each other. 
‘Faith’ had the lowest chroma level (1.73). ‘Gratitude’ (12.96) and ‘Hope’ (10.85) were greater 
than Jupiter (6.52); however, they did not differ from each other. For hue, ‘Faith’ had the 
highest level of all cultivars (309.55) whereas ‘Gratitude’ (105.09) and ‘Hope’ (124.83) were 




For texture attributes, ‘Faith’ had a smaller rupture force than all other cultivars (4.85 
N), while ‘Gratitude’ (13.66 N) had a greater force than all other cultivars. ‘Hope’ (9.59 N) and 
‘Jupiter’ (8.56 N) were not different. The cultivar Hope had a higher skin elasticity (7.14 mm); 
however, ‘Faith’ (5.32 mm), ‘Gratitude’ (5.03 mm), and ‘Jupiter’ (5.71 mm) were not different 
from each other (Table 7).  
For marketability attributes, the cultivar Jupiter had the highest berry drop percent 
(20.79%); however, ‘Faith’ (5.79%), ‘Gratitude’ (1.37%), and ‘Hope’ (1.09%) were not different. 
‘Faith’ had the highest percent decay (6.98%), while ‘Gratitude’ had the lowest percent (0.82%). 
‘Hope’ (2.27%) and ‘Jupiter’ (5.03 %) did not vary from any other cultivar (Table 7).  
The cultivar Faith had higher SS than all other cultivars (20.10%), while ‘Jupiter’ had a 
lower percent than all other cultivars (16.57%). ‘Gratitude’ (18.53%) and ‘Hope’ (18.33%) did 
not vary from each other. ‘Hope’ had a lower pH than all other cultivars (3.60) while ‘Jupiter’ 
(4.18) was higher than ‘Faith’ (3.87); however, ‘Gratitude’ (3.99) did not differ from either 
cultivar. The cultivar Jupiter’ had a lower percent TA than all other cultivars (0.40%). ‘Hope’ 
(0.64%) was higher than ‘Faith’ (0.49%), whereas ‘Gratitude’ (0.45%) did not vary from either of 
these. The SS/TA ratio was lowest for ‘Jupiter’ (41.25), though ‘Faith’ (41.02), ‘Gratitude’ 
(35.84), and ‘Hope’ (28.64) did not differ from each other (Table 8). 
In regards to sugars and acids, ‘Faith’ had the highest glucose and fructose 
concentration (102.79 g/L and 107.59 g/L, respectively), while ‘Hope’ had the lowest glucose 
(54.35 g/L) and fructose (60.10 g/L). The glucose and fructose concentrations of ‘Gratitude’ 




sugars were highest for ‘Faith’ (210.38 g/L), followed by ‘Gratitude’ (188.99 g/L), ‘Jupiter’ 
(130.57 g/L), and ‘Hope’ (114.45 g/L). The cultivar Faith had the highest tartaric acid 
concentration (1.95 g/L). ‘Gratitude’ (1.58 g/L) was higher in tartaric acid than ‘Hope’ (1.24 g/L); 
however, ‘Jupiter’ (1.40 g/L) did not vary from either cultivar (Table 17).   ‘Gratitude’ (3.63 g/L) 
and ‘Hope’ (2.91 g/L) were both higher in malic acid than ‘Faith’ (1.86 g/L) and ‘Jupiter’ (2.08 
g/L). ‘Gratitude’ had the highest citric acid concentration (0.47 g/L). ‘Faith’ (0.26 g/L) and 
‘Jupiter’ (0.27 g/L) were lower in citric acid than ‘Hope’ (0.31 g/L); however, they did not vary 
from each other. Total organic acids were highest for ‘Gratitude’ (5.68 g/L); however, ‘Faith’ 
(4.07 g/L), ‘Hope’ (4.46 g/L), and ‘Jupiter’ (3.75 g/L) did not vary from each other (Table 8).   
2019. 
 Cultivar impacted berry weight, berry length, berry width, L*, chroma, hue, rupture 
force, skin elasticity, SS, pH, TA, SS/TA, glucose, fructose, total organic sugars, tartaric acid, 
malic acid, and total organic acids. 
‘Faith’ had a lower berry weight (2.32 g); however, ‘Gratitude’ (4.85 g), ‘Hope’ (3.65 g), 
and ‘Jupiter’ (3.92 g) did not differ from each other. The cultivar Faith had a shorter length 
(18.20 mm); however, ‘Gratitude’ (25.27 mm), ‘Hope’ (23.15 mm), and ‘Jupiter’ (22.54 mm) 
were not different from each other. The cultivar Faith had a smaller width (14.30 mm) and 
‘Gratitude’ had a larger width (17.07 mm), whereas ‘Hope’ (15.59 mm) and ‘Jupiter’ (16.70 mm) 
did not vary from each other (Table 7).  
Regarding color, Gratitude (42.33) and Hope (40.89) cultivars were higher in L*, though 




however, they were not statistically different from one another. ‘Faith’ had the lowest chroma 
levels of all cultivars (3.82). ‘Gratitude’ (15.64) and ‘Hope’ (16.55) had higher chroma than 
‘Jupiter’ (6.91); however, they were not different from each other. ‘Faith’ had the highest hue 
among all cultivars (271.37); however, ‘Gratitude’ (111.47), ‘Hope’ (117.82), and ‘Jupiter’ 
(122.37) did not differ from one another (Table 7).  
 For texture, ‘Gratitude’ (4.12 N) had a higher rupture force measurement compared to 
‘Hope’ (3.10 N). Data was unavailable for Faith and Jupiter cultivars due to instrument 
mechanical malfunctions. The cultivar Hope had a greater skin elasticity (5.77 mm), while 
‘Jupiter’ had a lower level (3.01 mm). ‘Faith’ (5.24 mm) and ‘Gratitude’ (3.87 mm) were not 
different from any other cultivar (Table 7).  
The cultivar Jupiter (16.87%) had a higher percent SS compared to ‘Faith’ (14.80%) and 
‘Hope’ (14.83%); however, ‘Gratitude’ (15.77%) did not vary from any other cultivar. The 
cultivar Faith’ had a lower pH (3.60) than all other cultivars. ‘Jupiter’ (4.04) had a higher pH than 
‘Hope’ (3.75); however, ‘Gratitude’ (3.96) did not vary from either of these. The cultivar Faith 
had a greater percent TA (1.24 %); however, ‘Gratitude’ (0.44 %), ‘Hope’ (0.52 %), and ‘Jupiter’ 
(0.46 %) did not vary from one another. ‘Faith’ had the highest SS/TA ratio (11.94); however, 
‘Gratitude’ (35.84), ‘Hope’ (32.24), and ‘Jupiter’ (36.67) (Table 8).  
For glucose and fructose, ‘Faith’ (74.87 g/L,89.34, respectively) and ‘Hope’ (73.51 g/L, 
94.02, respectively) were both lower in concentrations of these sugars than ‘Gratitude’ (92.26 
g/L, 111.32, respectively) and ‘Jupiter’ (89.36 g/L, 203.58, respectively). ‘Gratitude’ had the 




lowest. The cultivar Jupiter (191.36 g/L) did not vary from any other cultivar. The cultivar Faith 
(5.76 g/L) had a higher tartaric acid concentration than both Hope (2.17 g/L) and Jupiter (2.28 
g/L) cultivars; however, ‘Gratitude’ (3.22 g/L) did not vary from any other cultivar. ‘Faith’ had 
the highest malic acid concentration (8.33 g/L), while ‘Hope’ (3.24 g/L), ‘Gratitude’ (3.87 g/L), 
and ‘Jupiter’ (3.79 g/L) cultivars did not differ from one another. Total organic acids were 
highest for the cultivar Faith (14.93 g/L); however, ‘Gratitude’ (8.11 g/L), ‘Hope’ (6.18 g/L), and 
‘Jupiter’ (6.9 g/L) did not vary from each other (Table 8).  
Discussion 
Previous table grape research has indicated that cultural practices, namely cultivar 
selection, cluster thinning, and production environment can affect crop development and 
postharvest quality. Characteristics observed in the following studies relate either supportively 
or adversely to the observations in this research project. 
Based on previous hybrid table grape research by Felts (2018), high tunnel-grown 
grapevines developed higher quality berries than field-grown grapes. Furthermore, the cultivars 
Jupiter, Faith, and Gratitude varied in their postharvest characteristics. ‘Jupiter’ tended to have 
the largest berries. Also, cultivar impacted SS, pH, and TA. ‘Jupiter’ had the highest SS and pH 
and the lowest TA, while ‘Gratitude’ had the lowest level of SS and pH and highest TA. In 
regards to color, ‘Gratitude had the highest L* and chroma, while ‘Jupiter’ had the lowest L* 
and chroma. ‘Jupiter’ tended to have low levels of firmness (Felts, 2018). 
In regards to cluster thinning, various studies of field-grown table grapes have indicated 




study by Dokoozilian and Hirschfelt, the researchers applied cluster thinning to ‘Flame Seedless’ 
grapes at different developmental stages. Vines that were thinned mid-season had improved 
berry color (Dokoozilian and Hirschfelt, 1995). A 2015 study by Bogicevic et al., evaluated the 
impact of various levels of cluster thinning intensity upon marketability and composition of 
‘Cabernet Sauvignon’ and ‘Vranc’. Researchers found that SS increased when the vines were 
thinned to have one cluster per vines (Bogicevic et al., 2015). In a study by Dami et al., cluster 
thinning of ‘Chambourcin’ hybrid grapes consistently had increased SS and higher acidity (Dami 
et al., 2006). Also, berry size can increase due to cluster thinning. Sokuwar et al. conducted a 
five-year study of ‘Jumbo Seedless’ table grapes, finding that the most intensively thinned vines 
showed the greatest improvement in berry size (Sokuwar, et al.,2014).  
Fayetteville 
Berry Attributes  
 In 2018, Jupiter had the largest berry weight, followed by ‘Faith’ and ‘Gratitude’ as seen 
in other research (Clark and Moore, 1999; Felts, 2018). However, in 2019, Jupiter had a slightly 
higher berry weight but was not different from the other cultivars. The variation may be an 
effect of the high tunnel environment. The average temperature during the growing season was 
higher in 2018 than in 2019 (data not shown). It is possible that the warmer temperatures 
affected berry size. For berry length, thinned vines had a greater length than non-thinned vines 
in 2019 as seen in other research (Dokoozilian and Hirschfelt, 1995; Gil et al., 2013; Sokuwar, et 
al.,2014; Weaver and Pool, 1972). In 2018, ‘Jupiter’ had the largest berry width, followed by 




2013; Felts, 2018). In 2019, ‘Jupiter’ did not grow as large in the second year of the study. This 
may be attributed how genotypic variations of the cultivars interact with the environment and 
environmental conditions inside the tunnel which varied between the two years. The average 
temperature in 2018 average inside the tunnel was higher than 2019, and there was less 
photosynthetically active radiation in 2019 than 2018 (data not shown). In 2018, crop load was 
higher for non-thinned vines in comparison to thinned vines; however, in 2019, both 
treatments groups had excessive crop loads (data not shown), indicating that cluster thinning as 
conducted in this study did not result in the intended cropload management.  
At the 2018 harvest, L* and chroma were impacted by cultivar. ‘Gratitude’ had the 
highest L* and chroma, meaning it appeared lighter and intense in color. This agrees with 
previous observations of these cultivars (Felts, 2018). ‘Faith’ had the lowest L* and Chroma. For 
the 2019 season, L*, chroma, and hue differed by cultivar. ‘Jupiter’ had the lowest levels for all 
color measurements, indicating that this cultivar had a duller, less intense color. A cultivar by 
thinning interaction was observed in both 2018 and 2019 for chroma. In 2018, non-thinned 
‘Faith’ had lower chroma levels than all other cultivars and treatments, meaning this group had 
the lowest color intensity. Thinning appeared to increase the color intensity for ‘Faith’, which is 
consistent with other studies (Dokoozilian and Hirschfelt, 1995; Gil et al., 2013). Among thinned 
vines in 2019, the cultivar Jupiter had the lowest chroma, meaning the lowest color saturation. 
Measurements of photosynthetically active radiation (PAR) showed that the daily light integral 
(DLI) inside the tunnel decreased during the summer months more intensely than in the area 
outside the tunnel (data not shown). This may explain why the color development in ‘Jupiter’ 




 For this project, two texture attributes were measured: rupture force and skin elasticity. 
Rupture force divided by skin elasticity can be used to indicate firmness with higher ratios 
correlating to firmer berries (Giacosa et al., 2014). In this study, ‘Gratitude’ was the firmest 
cultivar in 2018, followed by Faith and Jupiter cultivars. ‘Gratitude’ has been shown to have a 
high texture rating and exceptionally crisp skin (Clark and Moore, 2013). In 2019, ‘Faith’ was the 
firmest cultivar, followed by ‘Gratitude’ and ‘Jupiter’. This differs from the literature; however, 
‘Faith’ may have been underripe in 2019. Based on SS, the 2018 ‘Faith’ berries were more 
mature at harvest than the 2019 crop.  During the 2019 growing season, disease stress was 
present for ‘Faith’ vines and samples were collected earlier than preferred in order to avoid 
losing the entire crop. In both season, ‘Jupiter’ was the softest berry. Non-thinned fruit was 
slightly firmer than thinned fruit in 2018. According to the literature, higher crop densities are 
positively correlated with greater berry firmness, as these berries would be smaller and less 
mature (Leão and Lima, 2017). Since non-thinned vines had a higher yield in 2018 (data not 
shown) berries from this treatment would reasonably have a higher firmness level. Between 
treatments, non-thinned vines were slightly firmer than thinned vines in 2019. During that 
season, thinned vines had a much higher yield than in the previous year (data not shown), 
meaning the crop may not have exhibited traits otherwise expected.  
Marketability 
Berry drop was greatest for thinned vines in 2019, but this variation had not been 
observed in 2018. The 2019 observation differed from expectations in the literature that cluster 




Overall berry drop was higher in 2019 than in 2018. Higher disease incidence had occurred 
during the 2019 season and may have caused the clusters to be less durable.  
Decay was greatest for the cultivar Faith in 2018, followed by Jupiter and Gratitude 
cultivars. In 2019, ‘Faith’ had the highest decay again. According to the literature, ‘Faith’ has a 
high health rating (Clark and Moore, 2013). The high occurrence of disease for ‘Faith’ could be 
due to the cultivar response to higher humidity in the high tunnel environment, which was 
higher in 2018 than in 2019 (data not shown). Additionally, in 2018, birds were found in the 
tunnel, eating Faith. Extra bird damage likely increased this cultivar’s susceptibility to disease 
that year.  
Composition 
 In the 2018 season, Jupiter and Faith cultivars had higher pH levels than ‘Gratitude’. For 
the 2019 season, ‘Jupiter’ had a higher pH from both ‘Gratitude’ and ‘Faith’. Non-thinned vines 
had a higher pH than thinned vines in 2018, but this variation was not observed in 2019. The 
2018 observation agrees with the literature since cluster thinning usually lowers acidity, 
especially for ‘Jupiter’ (Bubola et al., 2007; Gatti et al., 2012; Felts, 2018). In 2018, ‘Faith’ had 
higher SS, followed by Jupiter and Gratitude cultivars. This does not agree with the literature 
since ‘Jupiter’ typically has higher SS than the cultivars Faith and Gratitude (Clark and Moore, 
2013; Felts, 2018). Non-thinned vines had higher SS than thinned vines in this season, though 
this is not consistent with previous studies (Bubola et al., 2007; Dokoozilian and Hirschfelt, 
1995). Since both of these results were uncommon, the high tunnel environment may influence 
maturation rates. A cultivar by thinning interaction was observed for SS in 2019. Non-thinned 




‘Gratitude’ had lower levels of SS compared to the thinning treatments. In both seasons, 
‘Jupiter’ did not perform as expected in regards to SS. Based on these results, cluster thinning 
may have an adverse effect upon high tunnel-grown ‘Jupiter’. For the 2018 season, ‘Gratitude’ 
had the highest TA, followed by Jupiter and Faith cultivars. An interaction between cultivar and 
thinning was observed for TA in 2019. Non-thinned ‘Jupiter’ had the lowest TA that season. 
According to consumer research, the preferred sugar to acidity ratio for table grapes is 35-40 
(Jayasena and Cameron, 2008). The composition ratio of ‘Jupiter’ was in this range in both years 
and ‘Faith’ was in this range in 2018; however, both seasons of ‘Gratitude’ and 2019 ‘Faith’ 
were below this range. 
Cultivar impacted glucose and fructose levels in both seasons. The cultivar ‘Faith’ had 
the highest level of both glucose and fructose and the highest total organic sugars in 2018. In 
2019, both Faith and Gratitude cultivars had high levels of glucose and fructose with ‘Gratitude’ 
having the highest total organic sugars. Meanwhile ‘Jupiter’ had much lower sugar levels. Non-
thinned vines had higher levels of both sugars in 2018, whereas thinned vines had the highest 
level of sugars in 2019. A cultivar by thinning interaction was observed in both seasons for 
glucose and fructose. Non-thinned ‘Faith’ had consistently higher levels of glucose and fructose 
compared to all other cultivars and treatments. Although previous studies indicate that 
thinning improves sugar development, the high tunnel-grown ‘Faith’ appears to develop higher 
sugars without cluster thinning (Bubola et al., 2007; Dami et al, 2006; Gatti et al., 2012). Citric, 
tartaric, and malic acid varied by cultivar in 2018. The cultivar Gratitude consistently had higher 
levels of these three acids and the highest total organic acids. ‘Faith’ had low levels of citric acid 




was observed for citric acid in 2018. Non-thinned ‘Gratitude’ had higher citric acid than thinned 
‘Gratitude’. The reduction in acidity due to cluster thinning is consistent with previous studies 
(Bogicevic et al., 2015; Bubola et al., 2007; Dami et al., 2006; Gatti et al., 2012). For the 2019 
season, ‘Gratitude’ again had the highest total organic acids. Specific levels of citric and tartaric 
acids varied by cultivar. Similarly, to the 2018 season, the cultivar Faith had low citric acid, while 
‘Jupiter’ had low tartaric acid. Tartaric acid is generally the most noticeable acid at harvest 
(Muñoz-Robredo et al. 2011). Thus, the cultivar Jupiter may tend to taste less tart than the 
other two cultivars.  
Cabot 
Berry Attributes 
Berry weight was greater for the cultivar Jupiter in both years compared to ‘Hope’. This 
agrees with the literature as ‘Jupiter’ typically has heavier berries than ‘Hope’ (Clark and 
Moore, 2013). In 2018, ‘Hope’ had a longer berry length than ‘Jupiter’. However, in 2019 ‘Hope’ 
was only slightly longer than ‘Jupiter’, which is not consistent with the literature (Clark and 
Moore, 2013). The shape variation may be an effect of the high tunnel environment. The 
cultivar ‘Jupiter’ had wider berries than Hope in both years as seen in research by Clark and 
Moore (2013).  
‘Hope’ had the highest measurements of L* and chroma in 2018. In 2019, ‘Hope’ had 
the highest L*, chroma, and hue measurements. ‘Hope’ berries are generally green, while 
‘Jupiter’ berries are reddish-blue in color (Clark and Moore, 1999; Clark and Moore, 2013). For 




crop was less disease stressed at harvest in 2019 than in the previous season, the natural hue 
differences may have been more apparent that year.  
Overall berry firmness (rupture force divided by skin elasticity) was highest for the 
cultivar Hope in 2018 but highest for ‘Jupiter’ in 2019. The 2019 observations are similar to the 
literature, stating that ‘Jupiter’ usually has firmer berries than ‘Hope’ (Clark and Moore, 2013).  
Marketability 
Berry drop was only measured for the cultivar Jupiter in 2018. ‘Hope’ had a high level of 
disease incidence so that harvest of ‘Hope’ was very minimal. In 2019, berry drop was highest 
for ‘Jupiter’. Since berry drop was fairly high for ‘Jupiter’ in both years, this may be 
characteristic of the cultivar. Data on decay was only collected for ‘Jupiter’ in 2018. In 2019, 
‘Jupiter’ had a higher percentage of decay. ‘Jupiter’ appeared to have more disease stress in 
this year compared to ‘Hope’.  
Composition 
For both seasons, pH was higher for ‘Jupiter’ than for ‘Hope’. In 2018, a cultivar by 
thinning interaction was observed for SS. The cultivars responded differently to the application 
of cluster thinning treatments. ‘Hope’ had a higher SS level when vines were not thinned, 
whereas Jupiter appeared to perform best with veraison thinning. The response observed for 
‘Jupiter’ is consistent with the literature as cluster thinning generally heightens SS (Bubola et 
al., 2007; Dokoozilian and Hirschfelt, 1995).  During the 2019 season, ‘Hope’ had higher SS than 
Jupiter. This contradicts previous observations that ‘Jupiter’ usually has a higher SS level than 




year in order to prevent crop loss from disease stress. Additionally, in 2019, thinned vines had 
higher SS than non-thinned vines as seen in studies by Bubola et al. (2007) and Dokoozilian and 
Hirschfelt (1995). In 2018, a cultivar by thinning interaction was observed for TA. ‘Jupiter’ had 
lower TA among both thinning treatments in comparison to ‘Hope’. Regarding flavor appeal, 
consumers prefer a sugar to acidity ratio between 35-40 (Jayasena and Cameron, 2008). The 
composition ratio of ‘Jupiter’ was in this range in 2018 and ‘Hope’ was in this range in 2019. In 
2019, ‘Jupiter’ was harvested at a lower SS level than preferred in order to prevent crop loss 
from disease and pest issues that were becoming apparent. Harvesting early likely had negative 
impacts on the flavor profile of the crop.  
A cultivar by thinning interaction was observed in 2018 for glucose, fructose, and total 
organic sugars. The cultivar ‘Jupiter’ appeared to develop higher glucose, fructose, and total 
organic sugar levels when thinned at veraison rather than being non-thinned or thinned at pea-
size development. During the 2019 season, glucose, fructose, and total sugars were highest for 
all veraison-thinned vines. These observations are in accordance with the literature, as cluster 
thinning typically improves sugar development (Bubola et al., 2007; Dokoozilian and Hirschfelt, 
1995). In 2018, citric acid, malic acid, and the total organic acids were higher for the cultivar 
Jupiter. For the 2019 season, citric acid was higher for ‘Jupiter’, while tartaric acid, malic acid, 
and the total organic acids were higher for Hope. Cultivar differences in acidity content may be 
related to the varying ripeness level of the berries in those years. In 2019, tartaric acid was 
highest for non-thinned vines and malic acid was highest for veraison-thinned vines. The 
reduction in tartaric acid, the dominant acid in table grapes, is in accordance with previous 





All data in Clarksville was collected from vines in field setting. No thinning treatments were 
applied to these vines.  
Berry Attributes 
In 2018, berry weight was highest for ‘Hope’, while ‘Faith’ had the lowest berry weight. 
In 2019, ‘Gratitude’ had the largest berry weight and ‘Faith’ had the smallest. According to the 
literature, ‘Jupiter’ typically has the largest weight and ‘Hope’ is expected to have the smallest 
(Clark and Moore, 2013). During the 2018 season, ‘Hope’ had the longest berries, while ‘Faith’ 
had the shortest berry length. In 2019, ‘Gratitude’ had the longest berries and ‘Faith’ had the 
shortest. In 2018, ‘Jupiter’ had the widest berries and ‘Faith’ had the smallest berry width. In 
2019, ‘Gratitude’ had the widest berries, while ‘Faith’ had the smallest berry width.  According 
to the literature, ‘Gratitude’ typically has the smallest berry size and ‘Jupiter’ has the largest 
size (Clark and Moore, 2013). In both seasons, ‘Faith’ was observed to have millerandage. Thus, 
many randomly selected ‘Faith’ berries were smaller than normal. With the exceptions of 
‘Gratitude’, berry weight and width were less under field conditions than in the tunnel. 
Cultivar impacted L*, chroma, and hue in both seasons. Gratitude and Hope cultivars 
were lighter and more saturated in both years. This observation is reasonable because these 
cultivars are bright green at maturity, while Faith and Jupiter cultivars are reddish-blue at 
maturity (Clark and Moore, 1999; Clark and Moore, 2013). During both seasons, hue was 
distinctly different for ‘Faith’ compared to the other cultivars. While ‘Jupiter’ is also reddish-




Firmness (rupture force divided by skin elasticity) was greatest for ‘Gratitude’ and 
lowest for ‘Faith’ in 2018. The former observation agrees with the literature, since ‘Gratitude‘ 
usually has the highest texture rating; however, ‘Hope’ would typically have the softest berries 
(Clark and Moore, 2013). For the 2019 season, firmness measurements were greatest for 
‘Hope’ and lowest for ‘Gratitude’. According to the literature, ‘Gratitude’ should have a higher 
texture than ‘Hope’ (Clark and Moore, 2013). Data for Faith and Jupiter cultivars was 
unavailable that year for firmness due to mechanical malfunctions on the day of harvest.  
Marketability 
Percentage of berry drop was highest for ‘Jupiter’ in 2018 and lowest for ‘Hope’. In 
2019, berry drop was highest for Hope and lowest for ‘Faith’. The cultivar Faith had many 
unripe berries that season, making berry drop less likely.  
Decay was highest for ‘Faith’ in 2018 and lowest for ‘Gratitude’. In 2019, decay levels 
were highest for ‘Hope’ and lowest for ‘Faith’. The cultivar Faith likely had less decay because 
the berries were harvested at a less mature state than in the previous year. Decay was higher in 
2019 than in 2018. This may have resulted from the higher relative humidity in 2019 (68%) than 
in 2018 (65%). 
 
Composition 
During both seasons, pH levels were greatest for ‘Jupiter’. These levels were lowest for 




‘Jupiter’. In 2019, SS were highest for ‘Jupiter’ and lowest for ‘Faith’. Based on the 
measurements, soluble solid levels of ‘Jupiter’ were similar in both years. ‘Faith’, ‘Gratitude’, 
and ‘Hope’ were harvested at lower SS levels in 2019 due to anticipated disease stress. TA was 
highest for ‘Hope’ in 2018 and lowest for ‘Jupiter’. In 2019, ‘Faith’ had the highest TA, while 
‘Gratitude’ had the lowest. Based on the sugar to acid ratio, the composition was in a favorable 
range for Faith, Gratitude, and Jupiter cultivars in 2018 and for Gratitude and Jupiter cultivars in 
2019.     
During the 2018 season, glucose, fructose, and total organic sugars were highest for 
‘Faith’ and lowest for ‘Hope’. ‘Jupiter’ is typically expected to have higher sugar content; 
however, harvest time can impact these variables (Clark and Moore, 2013). In 2019, ‘Gratitude’ 
had higher sugar levels, while Faith and Hope cultivars had lower levels. During both seasons, 
‘Faith’ had the highest tartaric acid levels, while ‘Hope’ had the lowest. Citric acid and malic acid 
were highest for ‘Gratitude’ in 2018, while Malic acid was highest for ‘Faith’ in 2019. These four 
cultivars vary in flavor and may vary naturally in the content of different acids. 
The temperature in Clarksville was similar between the two years; however, 
precipitation was higher in 2019. Percent decay at this location was 3.75% in 2018 and 4.90% 
for 2019, while percent drop was approximately 7.3% in both years (Table 7). Heightened 
humidity from higher rainfall contributes to rot and disease, which is reflected in the higher 





Berry sizes for all cultivars were similar to those observed in field conditions (Clark and 
Moore, 2013). Jupiter vines produced the largest berries. At both tunnel locations, thinning did 
not impact berry attributes except for the 2019 Fayetteville crop, which produced longer 
berries when thinning was applied. Chemical composition of the berries varied by year and no 
consistent impact of thinning was observed. Regarding composition and flavor, Jupiter grapes 
tended to have a high ratio of sugars to acids, which is preferable for marketability purposes. 
The cultivar Gratitude had firmer berries in each season, which is a positive marketability trait. 
Texture was not impacted by thinning. The cultivar Jupiter consistently had high levels of berry 
drop. Also, berry drop levels were usually higher for thinned vines in the high tunnel conditions. 
Faith was susceptible to decay in the tunnel and had high levels of decay in both years, while all 
other cultivars had low decay. This cultivar may not necessarily be recommended for high 
tunnel conditions. Decay did not vary by thinning. Berry hue by cultivar was consistent with 
field studies of these cultivars (Clark and Moore, 2013). Gratitude and Hope had the most 
saturated colors, which is positive for marketability purposes.  
With field conditions in Clarksville, Faith has very small berries. Jupiter and Gratitude 
had the best flavor profile. Firmness, decay, and berry drop were inconsistent among the four 
cultivars between 2018 and 2019, which may have related to variations in relative cultivar 
maturity at harvest. Additionally, weather conditions in Clarksville varied between 2018 and 
2019. The 2019 season had much higher average rainfall during the growing season, compared 
to 2019. Consequently, the heightened humidity may have contributed to the higher disease 
pressure and postharvest decay that year. Hope and Gratitude were consistently richer in color 




Overall, high tunnel systems were effective and productive systems for table grape 
production. The Arkansas table grapes in this study varied in their characteristics. Jupiter and 
Gratitude appear to consistently have positive marketability traits in regards to flavor, texture, 
color, and berry size. In general, levels of decay and berry drop were higher at the Clarksville 
location than at the high tunnel sites. Cluster thinning in the tunnels did not produce consistent 
results for marketability quality. Thus, while this practice may aid in some disease prevention, 
cluster thinning may not be necessary for the purpose of enhancing fruit quality and 
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Chapter 1 Tables and Figures 
Chapter 1 Tables 
Table 1. Average temperature and relative humidity (RH) 
inside the high tunnel in Fayetteville, AR in 2018 and 
2019. 
Year Month       Temperature (°C) RH (%) 
2018 March 11.19 52.31 
2018 April 14.29 55.61 
2018 May 23.86 68.19 
2018 June 26.86 68.30 
2018 July 27.77 71.45 
2018 August 26.21 75.66 
2019 March 9.82 51.75 
2019 April 15.82 56.46 
2019 May 20.10 72.03 
2019 June 24.35 73.45 
2019 July 26.34 74.93 












































Table 2. Harvest dates of table grape cultivars grown at three locations in Arkansas 
in 2018 and 2019 
Location Type of 
vineyard 




Fayetteville High tunnel Faith  24 July 13 Aug. 
  Gratitude  30 July 20 Aug. 
  Jupiter  24 July 13 Aug. 
Cabot High tunnel Hope  08 Aug. 15 Aug. 
  Jupiter  16 July 08 Aug. 
Clarksville Conventional Faith  26 July 01 Aug. 
  Gratitude  31 July 12 Aug. 
  Hope   31 July 12 Aug.  






Table 3. Main and interaction effects for berry attributes and marketability attributes at harvest for three table grape 
cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning treatments (none and pea-size) grown under a high tunnel 
in Fayetteville, AR. 



















  Faith 3.31 b 21.25 15.10 b 26.98 c 3.21 c 179.83 6.64 b 4.02 b 1.90 5.37 a 
 Gratitude 3.11 b 20.87 15.51 b 43.15 a 14.25 a 117.00 15.2 a 5.95 a 2.99 1.05 b 
  Jupiter 4.65 a 22.63 17.76 a 32.81 b 6.70 b 159.58 6.87 b 5.86 a 4.06 1.98 ab 
P value 0.0018 0.0560 0.0003 <.0001 <.0001 0.2588 <.0001 <.0001 0.3291 0.0175 




  None 3.44 21.00 15.89 33.93 7.68 176.90 10.02 a 5.14 3.47 3.47 
  Pea size 3.95 22.15 16.35 34.70 8.42 127.37 9.12 b 5.41 2.13 2.13 
P value 0.1035 0.0615 0.2733 0.3548 0.0808 0.1255 0.0294 0.2274 0.9138 0.2411 
      
 
    
CV X T (P 
value) 





  Faith 3.90 22.87 16.54 38.74 ab 13.45 a 111.06 ab 4.45 a 5.00 9.19 6.79 a 
 Gratitude 4.01 23.51 16.53 42.02 a 15.73 a 114.30 a 4.60 a 5.05 5.53 0.57 b 
  Jupiter 4.43 23.55 17.03 35.44 b 9.18 b 95.81 b 3.88 b 5.35 8.74 1.43 b 






Table 3 Cont. Main and interaction effects for berry attributes and marketability attributes at harvest for three table grape 
cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning treatments (none and pea-size) grown under a high tunnel 
in Fayetteville, AR. 


















  None 4.05 22.76 b 16.69 38.12 12.18 108.06 4.52 5.51 a 5.01 b 2.08 
  Pea size 4.17 23.86 a 16.71 39.35 13.40 106.05 4.10 4.76 b 10.64 a 3.78 
P value 0.5981 0.0404 0.9714 0.5197 0.2721 0.7161 0.1581 0.0187 0.0068 0.2393 
           
CV x T (P 
value) 
0.4334 0.5729 0.1924 0.1454 0.0289 0.3315 0.5940 0.1312 0.2060 0.5795 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
yBerry (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
xLength (mm) is the length of a single berry from stem scar to tip, averaged from a 5-berry sample taken per 3 clamshells, 
n=15 
wWidth (mm) is the width across a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
vL represents lightness on a scale of 0 (opaque) to transparent (100) 
uChroma represents the chroma coordinate, describing color saturation on a scale of -C* (duller) to +C* (brighter) 
tHue denotes the “hue angle” or fundamental color in degrees from 0 to 360°, where 0° = red, 90° = yellow, 180° = green, 
270° = blue, and 360° = red 
sRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
rSkin elasticity (mm) is the distance traveled prior to penetration of a single berry, averaged from a 5-berry sample taken per 
3 clamshells, n=15 
qPercent drop was calculated as total number of detached berries/total number of berries in the clamshell x 100 and is 
expressed as a percentage 
pPercentage decay was calculated as total number of decayed berries/total number of berries in the clamshell x 100 and is 
expressed as a percentage 






Table 4. Main and interaction effects for composition attributes at harvest for three table grape cultivars (Faith, Gratitude, and 




































  Faith 18.85 a 3.76 a 0.47 b 40.11 a 65.99 a 70.96 a 136.95  1.65 a 1.61 b 0.17 b 3.43 c 
 Gratitude 16.50 b 3.43 b 0.65 a 25.38 b 51.80 b 57.39 b 109.19  1.70 a 2.41 a 0.24 a 4.35 a 
  Jupiter 17.35 b 3.81 a 0.49 b 35.41 a 60.09 a 61.84 b 121.93  1.44 b 2.20 a 0.25 a 3.89 b 
P value 0.0005 <.0001 <.0001 0.0001 0.0009 0.0009 0.0010 0.0006 0.0003 <.0001 0.0001 
Thinningo  
  None 18.0 a 3.72 a 0.53 33.96 a 62.82 a 66.77 a 129.59 1.58 2.13 0.23 a 3.94 
  Pea size 17.1 b 3.61 b 0.55 30.91 b 55.77 b 60.03 b 115.80 1.62 2.02 0.21 b 3.85 
P value 0.0209 0.0145 0.2891 0.0413 0.0089 0.0095 0.0090 0.3946 0.3277 0.0066 0.3989 
            
CV X T (P 
value) 





  Faith 15.63 3.63 b 0.52 a 30.06  83.71 a 104.13 a 187.84 4.29 a 3.83 0.35 b 8.47 ab 
 Gratitude 15.95 3.61 b 0.54 a 29.54  90.48 a 107.57 a 198.05 4.91 a 3.50 0.45 ab 8.86 a 
  Jupiter 16.50 3.92 a 0.39 b 42.31  22.26 b   24.83 b   45.09 2.76 b 3.33 0.49 a 6.58 b 
P value 0.2279 0.0012 0.0001 0.0008 <.0001 <.0001 0.0001 0.0018 0.7690 0.0459 0.0080 
  
Thinningt            
  None 15.77 3.72 0.49 32.18 61.96 b 74.20 b 136.16 3.76 3.65 0.44 7.85 














Table 4 Cont. Main and interaction effects for composition attributes at harvest for three table grape cultivars (Faith, Gratitude, 































P value 0.2065 0.8923 0.3090 0.7875 0.0114 0.0084 0.0095 0.2595 0.7235 0.6800 0.6833 
            
CV x T (P 
value) 
0.0004 0.0578 0.0151 0.0026 0.0111 0.0113 0.0111 0.1692 0.5742 0.2782 0.4097 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, averaged from 50-berry juice samples 
from 3 clamshells, n=150 
v Glucose concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
uFructose concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
tTotal organic sugars are constituted by glucose and fructose 
s Citric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
rTartaric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
qMalic acid concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
pTotal organic acids are constituted by tartaric acid, malic acid, and citric acid 






Table 5. Main and interaction effects for berry attributes and marketability attributes at harvest for two table grape cultivars 

















  Hope 3.58 b 23.71 a 15.27 b 42.50 a 11.47 a 115.79  16.65 a 7.74 a . . 
  Jupiter 4.35 a 22.05 b 17.30 a 32.50 b   7.13 b 159.13    4.88 b 5.31 b 9.26 0.73 
P value 0.0080 0.0131 0.0004 <.0001 <.0001 0.1572 <.0001 0.0005 . . 
Thinningo  
  None 3.53 21.93 b 15.57 b 37.10 8.53 169.98 10.97 6.83   2.62 0.94 
  Pea size 4.40 23.90 a 17.04 a 38.05 9.67 129.73 10.40 6.54 13.68 0.80 
  Veraison 3.80 22.81 ab 16.23 ab 37.35 9.69 112.67 10.93 6.19 11.49 0.45 
P value 0.0634 0.0476 0.0413 0.5269 0.1298 0.2843 0.7936 0.5994 . . 
CV X Thinn 
(P value) 
0.7367 0.5772 0.8910 0.8047 0.8545 0.3145 0.8600 0.1425 . . 
2019 
CV  
  Hope 3.39 b 22.66 14.86 b 43.15 a 18.21 a 111.23 a 2.95 b 7.50 a   2.70 b 1.60 b 
  Jupiter 4.17 a 22.38 16.91 a 38.36 b 10.77 b   94.30 b 4.11 a 6.23 b 14.38 a 3.81 a 
P value 0.0093 0.6355 <.0001 <.0001 <.0001 0.0071 0.0001 0.0017 0.0005 0.0418 
Thinning  
  None 3.43 21.74 15.68 41.47 15.48 105.48 3.73 7.04   5.71 2.00 
  Pea size 3.80 22.80 15.62 40.43 13.71 105.25 3.32 7.03 12.63 3.07 
  Veraison 4.03 23.01 16.35 40.36 14.28   97.56 3.54 6.53   7.27 3.05 
P value 0.1581 0.1936 0.1986 0.3429 0.2762 0.3997 0.2983 0.3537 0.0927 0.6021 
CV x Thinn 
(P value) 
0.5539 0.9920 0.5707 0.1005 0.1374 0.2487 0.6945 0.2804 0.1073 0.7085 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
yBerry (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 




















Table 5 Cont.  Main and interaction effects for berry attributes and marketability attributes at harvest for two table grape cultivars 
(Hope and Jupiter) with three cluster thinning treatments (none, pea-size, and veraison) grown under a high tunnel at Cabot, AR. 
wWidth (mm) is the width across a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
vL represents lightness on a scale of 0 (opaque) to transparent (100) 
uChroma represents the chroma coordinate, describing color saturation on a scale of -C* (duller) to +C* (brighter) 
tHue denotes the “hue angle” or fundamental color in degrees from 0 to 360°, where 0° = red, 90° = yellow, 180° = green, 270° = 
blue, and 360° = red 
sRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
rSkin elasticity (mm) is the distance traveled prior to penetration of a single berry, averaged from a 5-berry sample taken per 3 
clamshells, n=15 
qPercent drop was calculated as total number of detached berries/total number of berries in the clamshell x 100 and is expressed 
as a percentage 
pPercentage decay was calculated as total number of decayed berries/total number of berries in the clamshell x 100 and is 
expressed as a percentage 






Table 6. Main and interaction effects for composition attributes at harvest for two table grape cultivars (Hope and Jupiter) with 




































  Hope 17.4 b 3.60 b 0.53 a 32.80 56.81 b 63.24 120.05 1.53 1.26 b 0.19 b 2.98 b 
  Jupiter 17.92 a 3.95 a 0.48 b 37.29 60.84 a 62.14 122.98 1.44 1.85 a 0.23 a 3.52 a 
P value 0.0243 <.0001 0.0009 0.0013 0.0031 0.4509 0.2423 0.6579 0.0340 0.0424 0.0143 
Thinningo  
  None 17.60 ab 3.76 0.52 33.85 58.11 62.84 120.95 1.37 1.72 0.22 3.31 
  Pea size 17.30 b 3.80 0.49 35.31 57.61 61.55 199.15 1.46 1.57 0.23 3.26 
Veraison 18.05 a 3.78 0.50 36.10 60.76 63.71 124.47 1.62 1.37 0.20 3.19 
P value 0.0401 0.7098 0.1147 0.1668 0.0768 0.4869 0.2163 0.5855 0.5160 0.6500 0.8805 
            
CV X T (P 
value) 





  Hope  15.56 a 3.51 b 0.44  35.36 20.03 25.02 45.05 4.58 a 3.35 a 0.40 b 8.33 a 
  Jupiter 14.41 b 3.78 a 0.43 33.51 19.89 22.75 42.64 3.53 b 2.91 b 0.47 a 6.91 b 
P value 0.0180 0.0011 0.4107 0.5281 0.8900 0.0917 0.3037 0.0048 0.0494 0.0335 0.0050 
            
Thinning  
  None 13.57 b 3.61 0.46 29.5 b 17.74 b 21.51 b 39.25 b 4.79 a 2.73 b 0.43 7.95 














Table 6 Cont. Main and interaction effects for composition attributes at harvest for two table grape cultivars (Hope and Jupiter) 































Veraison 16.22 a 3.65 0.43 37.72 a 21.33 a 25.70 a 47.03 a 3.85 b 3.41 a 0.41 7.67 
            
P value 0.0008 0.5858 0.0941 0.0082 0.0285 0.0469 0.0377 0.0147 0.0437 0.3993 0.3911 
CV x T (P 
value) 
0.5217 0.6134 0.1891 0.2394 0.5954 0.4557 0.5271 0.5371 0.4911 0.3019 0.9499 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, averaged from 50-berry juice samples 
from 3 clamshells, n=150 
v Glucose concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
uFructose concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
tTotal organic sugars are constituted by glucose and fructose 
s Citric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
rTartaric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
qMalic acid concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
pTotal organic acids are constituted by tartaric acid, malic acid, and citric acid 







Table 7.  Main and interaction effects for berry attributes and marketability attributes at harvest for four table grape cultivars 
(Faith, Gratitude, Hope and Jupiter) grown under field conditions at Clarksville, AR. 

















  Faith 2.40 c 16.84 c 14.10 b 26.64 c   1.73 c 309.55 a   4.85 c 5.32 b   5.79 b 6.98 a 
Gratitude 4.00 b 23.09 b 16.51 a 45.21 a 12.96 a 105.09 c 13.66 a 5.03 b   1.37 b 0.82 b 
  Hope 4.98 a 26.16 a 17.32 a 44.84 a 10.85 a 124.83 c 9.59 b 7.14 a   1.09 b 2.27 ab 
  Jupiter 4.27 ab 21.53 b 17.39 a 33.92 b   6.52 b 236.19 b 8.56 b 5.71 b 20.79 a 5.03 ab 
P value 0.0001 <.0001 0.0003 <.0001 <.0001 <.0001 0.0001 0.0047 0.0006 0.0249 
2019 
CV  
  Faith 2.32 b 18.20 b 14.30 c 24.38 b   3.82 c 271.37 a . 5.24 ab   0.67 1.21 
Gratitude 4.85 a 25.27 a 17.07 a 42.33 a 15.64 a 111.47 b 4.12 a 3.87 ab   4.90 6.28 
  Hope 3.65 a 23.15 a 15.59 bc 40.89 a 16.55 a 117.82 b 3.10 b 5.77 a 14.52 8.05 
  Jupiter 3.92 a 22.54 a 16.70 ab 27.41 b   6.91 b 122.37 b . 3.01 b   9.01 4.07 
P value 0.0014 0.0015 0.0006 <.0001 <.0001 0.0368 0.0123 0.0211 0.0783 0.3613 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
yBerry (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
xLength (mm) is the length of a single berry from stem scar to tip, averaged from a 5-berry sample taken per 3 clamshells, n=15 
wWidth (mm) is the width across a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 
vL represents lightness on a scale of 0 (opaque) to transparent (100) 
uChroma represents the chroma coordinate, describing color saturation on a scale of -C* (duller) to +C* (brighter) 
tHue denotes the “hue angle” or fundamental color in degrees from 0 to 360°, where 0° = red, 90° = yellow, 180° = green, 270° = 
blue, and 360° = red 
sRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 3 clamshells, n=15 









Table 7 Cont.  Main and interaction effects for berry attributes and marketability attributes at harvest for four table grape 
cultivars (Faith, Gratitude, Hope and Jupiter) grown under field conditions at Clarksville, AR 
qPercent drop was calculated as total number of detached berries/total number of berries in the clamshell x 100 and is expressed 
as a percentage 
pPercentage decay was calculated as total number of decayed berries/total number of berries in the clamshell x 100 and is 

































Table 8. Main and interaction effects for composition attributes at harvest for three table grape cultivars (Faith, Gratitude, and 





































Faith 20.10 a 3.87 b 0.49 b 41.02 a 102.79 a 107.59 a 210.38 a 1.95 a 1.86 b 0.26 c 4.07 b 
Gratitude 18.53 b 3.99 ab 0.45 bc 41.11 a   91.97 b   97.02 b 188.99 b 1.58 b 3.63 a 0.47 a 5.68 a 
Hope 18.33 b 3.60 c 0.64 a 28.64 b   54.35 d   60.10 d 114.45 d 1.24 c 2.91 a 0.31 b 4.46 b 
Jupiter 16.57 c 4.18 a 0.40 c 41.25 a   64.48 c   66.08 c 130.57 c 1.40 bc 2.08 b 0.27 c 3.75 b 





Faith 14.80 b 3.60 c 1.24 a 11.94 b 74.87 b   89.34 b 164.5 b 5.76 a 8.33 a 0.84 14.93 a 
Gratitude 15.77 ab 3.96 ab 0.44 b 35.84 a 92.26 a 111.32 a 203.58 a 3.22 ab 3.87 b 1.02   8.11 b 
Hope 14.83 b 3.75 b 0.52 b 32.24 a 73.51 b   94.02 b 167.53 b 2.17 b 3.24 b  0.77   6.18 b 




2.28 b 3.79 b 0.83   6.9 b 
P value 0.0342 0.0001 0.0001 0.0001 0.0049 0.0127 0.0073 0.0081 <.0001 0.0520 0.0001 
zMeans followed by the same letter within each column are not significantly different at P = 0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, averaged from 50-berry juice samples 
from 3 clamshells, n=150 
v Glucose concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 







Table 8 Cont. Main and interaction effects for composition attributes at harvest for three table grape cultivars (Faith, Gratitude, 
and Jupiter) with two cluster thinning treatments (none and pea size) grown under a high tunnel in Fayetteville, AR 
tTotal organic sugars are constituted by glucose and fructose 
s Citric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
rTartaric concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 
qMalic acid concentration (g/L) taken from 1 mL juice samples, averaged from 50-berry juice samples from 3 clamshells, n=150 





Chapter 1 Figures. 
 
Fig. 1. Average monthly cumulative rainfall from March-August 2018 and 2019 at the University 
of Arkansas System Division of Agriculture Fruit Research Station (Clarksville, AR).  















Fig. 2. Average monthly high and low temperatures from January-August 2017 and 2018 at the 
University of Arkansas System Division of Agriculture Fruit Research Station (Clarksville, AR).  

























Fig. 3. Cultivar by treatment interaction for chroma at harvest for three table grape cultivars 
(Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown 
under a high tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  




































































Fig. 4. Cultivar by treatment interaction for glucose concentration (g/L) at harvest for three 
table grape cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none 
and pea-size) grown under a high tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  



























































Fig. 5. 2018 Fayetteville cultivar by treatment mean interaction for fructose concentration (g/L) 
at harvest, for three table grape cultivars (Faith, Gratitude, and Jupiter) with two cluster 
thinning applications (none and pea-size) grown under a high tunnel at Fayetteville, AR in 2018 
(A) and 2019 (B).  




























































Fig. 6. Cultivar by treatment interaction for total organic sugars at harvest for three table grape 
cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-
size) grown under a high tunnel at Fayetteville, AR in 2018.  






























Fig. 7. Cultivar by treatment interaction for citric acid concentration (g/L) at harvest for three 
table grape cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none 
and pea-size) grown under a high tunnel at Fayetteville, AR in 2018.  



































Fig. 8. Cultivar by treatment interaction for soluble solids at harvest for three table grape 
cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-
size) grown under a high tunnel at Fayetteville, AR in 2019.  




































Fig. 9. Cultivar by treatment interaction for titratable acidity at harvest for three table grape 
cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-
size) grown under a high tunnel at Fayetteville, AR in 2019.  






































Fig. 10. Cultivar by treatment interaction for SS/TA at harvest for three table grape cultivars 
(Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown 
under a high tunnel at Fayetteville, AR in 2019.  



























Fig. 11. Cultivar by treatment interaction for total organic sugars at harvest for three table 
grape cultivars (Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and 
pea-size) grown under a high tunnel at Fayetteville, AR in 2019.  


































Fig. 12. Cultivar by treatment interaction for soluble solids at harvest for two table grape 
cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2018.  












































Fig. 13. Cultivar by treatment interaction for titratable acidity at harvest for two table grape 
cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2018.  



































Fig. 14. Cultivar by treatment mean interaction for SS/TA ratio at harvest, for two table grape 
cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2018. 






































Fig. 15. Cultivar by treatment mean interaction for glucose at harvest, for two table grape 
cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2018. 

































Fig. 16. Cultivar by treatment interaction for fructose at harvest, for two table grape cultivars 
(Hope and Jupiter) with three cluster thinning applications (none, pea-size, and veraison) grown 
under a high tunnel at Cabot, AR in 2018.  















































Fig. 17. Cultivar by treatment mean interaction for total organic sugars at harvest, for two table 
grape cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2018. 






























Chapter 2:  
Determining Cluster Thinning and Storage Effects on Arkansas Table Grapes Grown Under 
High Tunnel Systems 
Abstract 
Table Grapes (Vitus vinifera) are among the most popular horticulture crops worldwide. 
Often, table grape production in the southern United States is inhibited due to climate and pest 
issues. Production could be aided by the use of controlled environment growing systems, such 
as high tunnels (HT). The objective of this project was to evaluate the effectiveness of high 
tunnel (HT) systems for grape cultivation and compare the effects of different cluster thinning 
treatments on vines. In this two-year study, the cultivars Faith, Gratitude, Hope, and Jupiter 
were grown in HT systems and assessed for postharvest qualities at harvest and during storage. 
For this study, the table grapes were grown on a Geneva Double Curtain trellis system in two 
HT systems (University of Arkansas System Division of Agriculture Research and Extension 
Center, Fayetteville and a private farm in Cabot) in Arkansas (USDA hardiness zones 7a and 7b). 
In Fayetteville, two cluster thinning treatments: none and pea-sized berry were applied to the 
vines. In Cabot, three cluster thinning treatments: none, pea-sized berry, and veraison were 
applied to the vines. Four kg of grapes were harvested from each location in July 2018 and 
August 2019. For each location, two clusters were placed in a 0.9 kg vented clamshell in 
triplicate for berry attributes, composition, and marketability analyses. Fruit was evaluated for 
berry attributes, composition, and marketability attributes at harvest and during storage (0, 7, 
14, and 21 days) at 2 °C. Two clusters per clamshell were evaluated in triplicate for berry 
attributes (berry weights and texture), compositions (soluble solids, pH, titratable acidity, total 
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organic sugars, and total organic acids), and marketability attributes (decay and berry drop). At 
Fayetteville, berry weight ranged from 2.80-4.45 g. The cultivar Gratitude had firm berries. 
Berry drop was usually lower for non-thinned vines. ‘Faith’ had the highest decay levels. 
‘Jupiter’ had the least tart berries. At Cabot, berry weight ranged from 3.22-4.38g. Regarding 
marketability attributes, the cultivar Jupiter had high levels of berry drop but low berry 
tartness. ‘Hope’ had low decay and rich coloration. In both locations, decay increased during 
storage for all cultivars. Cluster thinning at both sites had minimal impact, though non-thinned 
vines usually had lower berry drop compared to thinned vines. Based on these observations, 
high tunnel technology may be a viable and productive system for growing high-quality table 
grapes, producing fruit with storage potential. 
Introduction 
Grapes (Vitus vinifera L.) are one of the most popular horticulture crops in the world. In 
2017, approximately 75 million tonnes were being produced globally with more than 60% of 
this production occurring in Asian countries. Due to greater and longer availability of table 
grapes in the market place, global consumption of fresh grapes had increased from 15 million 
tonnes in 2000 to over 26 million tonnes by 2014. Table grape production in the United States 
increased from 0.9 million tonnes in the early 2000’s to 1.2 million tonnes by 2014, a 23% 
increase in production. In addition to national production, the United States plays a large role in 
the global table grape market. As of 2014, the United States was exporting 445,000 tonnes of 
grapes annually, as the third largest exporter of grapes after China and Italy. Additionally, the 
United States is the world’s top importer for grapes, responsible for 14% of global imports each 
year (FAO 2016). 
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With an abundance of table grapes entering the market, consumers can be highly 
selective about which types of fruit to purchase. Often the first quality to attract or repel 
consumers is visual appeal (Ma et al., 2016; Chironi, et al., 2017). Based on sensory perception 
studies, consumers tend to prefer berries that are large and consistent in size. (Creasy and 
Creasy, 2009; Chironi, et al., 2017). Grape color is also important for fruit attractiveness. 
Clusters with consistent color as well as berries with rich, uniform color are typically more 
favorable to consumers (Lijavetzky et al., 2012; Gil et al., 2013; Xi et al., 2016; Ma et al., 2016; 
Chironi, et al., 2017). Along with basic aesthetic appeal, berries should also appear to be clean, 
dry, and healthy. Clusters are more favorable when they are free from the appearance of 
decay, shriveling, and injury (Abu-Zahra and Salameh, 2012; Ma et al., 2016). Also, the 
appearance of a healthy rachis can impact marketability. Table grapes generally have a greater 
value if they are firmly attached to a green rachis that is devoid of any rot or lesions (Creasy and 
Creasy, 2009; Chironi, et al., 2017).  
 Another notable trait that affects table grape quality is texture. Generally, consumers 
gravitate toward crisp berries with a firm pulp, while avoiding excessively soft berries. The 
grape skin should be thin with little resistance in the mouth. Seedlessness is another popular 
quality that heightens market popularity. If the berry is seeded, the seeds should be relatively 
soft and enhance the flavor (Ma et al., 2016; Chironi, et al., 2017). 
Naturally, taste is an important factor for marketability and is considered highly 
important for overall acceptability (Chironi, et al., 2017; Ma et al., 2016). Berry flavor is most 
popular when it is predominantly sweet and mildly tart (Creasy and Creasy, 2009; Maante et al., 
2015; Chironi, et al., 2017). To ensure appealing flavor, grapes should only be harvested when 
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truly ripe. Prior to ripening, the berries taste extra tart because they are high in acids, especially 
tartaric, malic, and citric acid. During the growing season, these acids react with other 
substances in the berries, such as starch, gum, dextrin, lignine, and cellulose. This process 
results in the formation of grape sugars, mainly fructose and glucose. By allowing the 
appropriate time for ripening, grapes will taste sweeter and less acidic once fully developed 
(Reynolds and Heuvel, 2009; Lijavetzky et al., 2012; Muskett, 2018).  
Along with sensory elements, consumers are increasingly attracted to table grapes for 
their nutraceutical value (Ma et al., 2016; Sabir and Sabir, 2017). Grapes are exceptionally rich 
in phenolic compounds, which can have many health benefits. (Orak, 2007; Georgieve, et al., 
2014; Sabir and Sabir, 2017). Flavonoids, a large group of polyphenols, are mostly found in the 
epidermal layer and seeds (Orak, 2007; Xia, et al., 2010; Georgieve, et al., 2014). One of the 
most common types of flavonoids found in grapes are anthocyanins. (Murphy, et al., 2011; 
Forman, et al., 2010; Georgieve, et al., 2014). Due to their high antioxidant capacities, 
anthocyanins help regulate oxidative stress and avoid oxidative damage. Both anthocyanin 
isolates and anthocyanin-rich mixtures of bioflavonoids provide humans with cardiovascular 
protection, inhibit tumor formation, enhance capillary strength, enhance cognitive 
performance, and decrease inflammation. (Lila, 2004; Choi, et al., 2012; Georgieve, et al., 
2014).  
Producing high quality table grapes depends upon having suitable growing conditions 
and beneficial cultural practices. For instance, light levels can have many effects on fruit 
production. Extra sunlight usually enhances vine productivity and plant nutrition (Morris and 
Cawthon, 1980; Creasy and Creasy, 2009; Reynolds and Heuvel, 2009). Proper cultural 
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practices, especially thinning practices, can provide greater light exposure to the vines. This 
improves fruit quality by heightening the production of soluble solids and anthocyanins (Bubola 
et al., 2007; Zhuang et al., 2014; Leao et al. 2016). In many studies, the practice of cluster 
thinning greatly affected anthocyanin biosynthesis in the skin of grape berries, generally 
producing more desirable visual and flavor qualities (Dokoozilian and Hirschfelt, 1995; Gil et al., 
2013; Hannam et al., 2015; Xi et al., 2016). Along with light sensitivities, grapevines are also 
impacted by temperature. Typically, warm temperatures are correlated with more rapid vine 
growth and thus greater production and crop yield (Creasy and Creasy 2009; O’Daniel et al., 
2014). Meanwhile, grapevines can easily be damaged by cold temperatures and frost (Creasy 
and Creasy, 2009; Sun et al., 2016; Hou et al., 2018). Temperature also directly affects phenolic 
metabolism in grapes. A study by Cohen et al. (2008) tested chemistry of grapevine clusters 
grown under different temperature treatments. Clusters with the highest heat summation by 
veraison had the greatest concentration of phenolic compounds, contributing to more flavorful 
grapes (Cohen, et al., 2008). Further, an increase in growing site temperature can increase 
ripening and sugar development, which results in the development of sweeter grapes (Rogers 
and Wszelaki, 2012; Janke et al., 2017; Muskett, 2018). In temperate regions, growers can 
address temperature sensitivities of grapevines through the use of controlled environment 
growing systems, such as high tunnels. High tunnels are composed of a metal frame covered 
with greenhouse-grade plastic film. The plastic covering can be raised or lowered to passively 
heat and cool the growing area inside the high tunnel. This gives growers the ability to maintain 
the high tunnel site at a higher temperature than the surrounding field conditions. Thus, 
grapevines in these settings would have increased rates of ripening and sugar development. 
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This can result in the production of sweeter grapes (Rogers and Wszelaki, 2012; Janke et al., 
2017; Muskett, 2018). Further, such systems respond to a rising consumer demand for fresh, 
local produce (Carey et al., 2009; Rogers and Wszelaki, 2012). 
While growing conditions play a major role in fruit quality, table grape attributes are 
also affected by postharvest handling. Since grapes are high in moisture content, this fruit is 
susceptible to damage by pathogenic fungi unless proper storage methods are employed. 
Fungal rot, moisture loss, berry drop, and diminished flavor are among the common forms of 
deterioration that table grapes exhibit during storage (Ma et al., 2016; Chironi, et al., 2017). 
Marketability quality can decrease if the fruit is not stored at a sufficiently low temperature. 
(Laszlo, J.C., and Saayman, D. 1992; Burger, et al., 2005). In a 2005 study by Burger et al., the 
impact of varying storage temperatures was examined for `Thomposon Seedless’ grapes. While 
berry split and berry drop increased over time regardless of treatment, the berries that were 
stored at a consistently low temperature exhibited significantly less berry split (Burger et al., 
2005). Along with storage temperature, fruit quality can be affected by storage duration. For 
instance, a 2016 study by Ma et al. examined the impact of storage duration in a standard 
home refrigerator on marketability traits. Based on sensory data, the overall acceptance of this 
fruit diminished after only five days of storage, especially regarding taste and texture (Ma et al., 
2016). In 2017, a consumer study by Chironi et al. found that longer storage time would greatly 
diminish the appeal of texture and consistency (Chironi, et al., 2017).  
The first objective of this project is to determine the effect of storage on fruit quality and 
marketability of four Arkansas table grape cultivars grown under high tunnel locations. The 
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second objective was to determine the effect of cluster thinning on postharvest attributes of 
table grapes grown in high tunnel systems at four storage dates 
Materials and Methods 
Grape Cultivars 
All cultivars in this project are Vitus hybrids developed by the University of Arkansas 
System Division of Agriculture Fruit Breeding Program. The four culitvars in this project, Faith, 
Gratitude, Hope, and Jupiter, were chosen base on useful characteristics, including 
seedlessnesss, high skin quality, fruit cracking resistance, good vine health, and winterhardiness 
(Clark and Moore, 2013). 
High Tunnel Vineyards 
Table grape performance in high tunnel systems was evaluated at two locations, one at 
the UA System Research and Extension Center Station in Fayetteville, AR (Latitude: 36-04'23'' N 
Longitude: 094-09'55'' W) and the other at a privately-owned farm in Cabot, AR (Latitude: 34-
58'36'' N Longitude: 092-01'36'' W). A field vineyard comparison site was grown at the UA 
Systems Fruit Research Station in Clarksville, AR (Latitude: 35-27'24'' N Longitude: 093-28'51'' 
W).  
In Fayetteville, the high tunnel was an 8 m x 61 m single bay Haygrove Super Solo Tunnel 
(Haygrove Tunnels, Haygrove USA, Mount Joy, Pa) covered by a single layer of 4 mm 
polyethylene plastic with ultraviolet (UV) protection. Generally, the tunnel was kept open to 
provide ventilation and only completely closed during periods of extremely low outdoor 
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temperatures (2.0 °C).  In summer 2018, the sides of the tunnel were covered with an 80 g (1.0 
x 0.6 mm) Tek-Knit exclusion netting (Tek-Knit Industries, Quebec, Canada). This netting was 
not used in 2019 due to air circulation limitations encountered in 2018; however, bird netting 
was used in 2019 to manage pest issues. This tunnel covered 0.036 ha and contained three 
cultivars: (Faith, Gratitude, and Jupiter). Vines were bought as one-year old, bare root plants 
from Double A Nursery (Fredonia, NY) and planted in spring 2014.  All vines at this location 
were three years old at the start of this project. Spacing between vines and between rows was 
2.5 m. Each row contained a total of 18 plants, six of each cultivar. Vines at both locations had 
2.3 m total cordons. During the 2018 season, there were 10 pesticides applications (10 
fungicides and four insecticides). In 2019, there were nine pesticide applications (nine 
fungicides and four insecticides) (Appendix A). Average temperatures and relative humidity 
were recorded inside the Fayetteville high tunnel in both the 2018 and 2019 seasons 
(Watchdog 2700 Series Weather Station, Spectrum Technologies, Aurora, IL) Table 1). 
At the farm in Cabot, the high tunnel was a 7 m x 92 m multi-bay Haygrove Tunnel 
(Haygrove Tunnels, Haygrove USA, Mount Joy, PA) covered by a single layer of 4 mil 
polyethylene plastic with UV protection. This tunnel covered 0.053 ha and contained the 
cultivars: Gratitude, Hope, and Jupiter. These vines were obtained in 2017 from Double A 
Nursery (Fredonia, NY) as one-year old, bare roots and planted in early spring 2017. However, 
most of the ‘Gratitude’ plants died during the winter due to low temperature damage and 
therefore, were not included in this study. Spacing between vines and between rows was 2.5 m. 
Each row contained nine vines of `Hope’ and nine vines of `Jupiter’. During the 2018 season, 
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there were eight pesticides applications (eight fungicides and three insecticides). In 2019, there 
were eight pesticide applications (eight fungicides and four insecticides) (Appendix A).  
Three types of trellis systems were used in each high tunnel: Geneva Double Curtain 
(GDC), Modified Double High Cordon West, and Modified Double High Cordon East, and then 
the two modified cordons were on the east and west sides of the tunnel. These cordons were 
trained so that the height of the cordon closest to the edge of the tunnel was lower to fit the 
slope of the tunnel. The GDC was located in the center of the tunnel. For this project, only fruit 
from the GDC was evaluated. Standard cultural recommendations (Zabadal, 2002) were applied 
at both locations, including dormant pruning (30 + 10 formula used), shoot thinning, combing, 
and leaf removal treatments (Morris and Cawthon, 1980; O’Daniel et al., 2014).  
The outdoor vineyard was established with a GDC trellis system and included four 
cultivars (Faith, Gratitude, Hope, and Jupiter). The `Jupiter’ vines were five years old, while the 
`Gratitude’, `Faith’, and `Hope’ vines were eight years old. The grapes were grown 
conventionally (Zabadal, 2002) and received dormant pruning but no other cultural practices 
were applied. Average monthly high and low temperatures and cumulative rainfall was tracked 
for the outdoor vineyard by a USDA weather station. These measurements were recorded for 
the months of January through August in both the 2018 and 2019 seasons (Fig. 1 and 2).  
Cluster Thinning 
Cluster thinning treatments (A. Allen, personal communications, 2011) were applied at 
both HT locations. In Fayetteville, two different cluster thinning treatments were applied: no 
thinning or thinning at pea-sized berry development. Vines were randomly assigned one of 
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these treatments so that three vines from each cultivar received “no thinning” and three vines 
of each cultivar received cluster thinning at “pea-sized berry development”. In the cluster 
thinning group, amount of thinning was based upon shoot length: a shoot of less than 20 cm 
had all clusters removed, a shoot between 20–50 cm had all but one cluster removed, and 
shoots longer than 50 cm had all but two clusters removed (Personal Communications, Allen, 
2011). In Cabot, three different cluster thinning treatments were used (no thinning, thinning at 
pea-sized berry development, or thinning at veraison). Vines were randomly assigned one of 
these treatments so that three vines from each cultivar received “no thinning”, three vines of 
each cultivar received cluster thinning at “pea-sized berry development”, and three vines of 
each cultivar received cluster thinning at “veraison”. Amount of cluster thinning was 
determined by shoot length, following the same protocol as in the Fayetteville site. The same 
cluster thinning protocols were applied to the same vines in 2019. Thus, all vines in the non-
thinned group in 2018 were also in the non-thinned group in 2019 and all thinned vines in 2018 
were also thinned in 2019. 
Harvest 
The grapes were harvested based on the cultivar achieving soluble solids of 15-16% 
(Table 2). Grape clusters were harvested into paper sacks (approximately 2-3 clusters, 
depending on cultivar and cluster size) from each individual plant (three plants per cultivar per 
thinning treatment) for an approximate total of 5 kg per vine. Then, the clusters were placed in 
coolers chilled with ice packs. The coolers were transported to the UA System Food Science 
Department in Fayetteville where the clusters were randomized into 15 0.9 kg clamshells (Kurt 
Zuhlke & Associates, Bangor, PA) based on cultivar and cluster thinning treatment. These 
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clamshells were then stored at 2° C. Marketability assessment was repeated after storage 
intervals of 7, 14, and 21 days.   
Berry Attributes 
Weight. The berry weight (g) was measured on a digital scale (PA224 Analytic Balance, 
Ohaus Cooperation, Parsippany, NJ).  
Firmness. The texture of the berry was assessed using a Stable Micro Systems TA.XT.plus 
Texture Analyzer (Texture Technologies Corporation, Hamilton, MA). Berries were 
placed horizontally on the plate, and the probe was lowered at a rate of 2 mm/sec until 
it contacted the berry (trigger force 0.02 N). Penetration force indicated “firmness” (N) 
The skin elasticity was calculated as the distance traveled before the berry was 
penetrated with the probe, measured in millimeters (mm).  
Composition attributes 
Soluble solids (SS). The SS (%) of the juice was measured with an Abbe Mark II 
refractometer (Bausch and Lomb, Scientific Instrument, Keene, NH).  
pH and titratable acidity (TA). The pH and TA of the juice was evaluated using a Titrino 
plus 862 compact titrosampler (Metrohm AG, Herisan, Switzerland) with the electrode 
standardized to pH 4.00, 7.00, and 10.00 buffers. For TA, about six grams of juice was 
diluted with 50 mL deionized, degassed water for assessment of TA (%). These samples 
were assessed with the compact titrosampler, using 0.1 N sodium hydroxide to an 
endpoint of pH 8.2. TA was expressed as percentage of tartaric acid.   
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Sugars and organic acids. The sugars (glucose and fructose) and organic acids (tartaric, 
malic, and isocitric) were evaluated in the juice. The juice was filtered through a 0.45 μm 
nylon filter (VWR International, Radnor, PA) and evaluated using high performance 
liquid chromatography (HPLC). These compounds were measured using previously 
established HPLC procedures (Walker et al., 2003; Segantini et. al., 2018). The HPLC 
instrument included a Bio-Rad HPLC Organic Acid Analysis Aminex HPX-87H ion 
exclusion column (300 × 7.8 mm), Bio-Rad HPLC Fast Acid Analysis column (100 x 7.8 
mm), and a Bio-Rad HPLC column for fermentation monitoring (150 × 7.8 mm) in series 
(Bio-Rad, Hercules, CA). A Bio-Rad MicroGuard Cation-H refill cartridge (30 × 4.5 mm) 
was used for a guard column. A temperature control unit regulated column 
temperature, maintaining a level of 65 °C. The mobile phase involved a pH 2.28 solution 
of water and sulfuric acid with a resistivity of 18 M. This was obtained from a Millipore 
Milli-Q reagent water system. The sulfuric acid solution was used as the solvent with a 
0.45 mL/min flow rate.  A Waters 515 HPLC pump with a Waters 717 plus autosampler 
(Waters Corporation, Milford, MA) was used for solvent delivery. For all samples, 
injection volumes were 10 μL and total run time was 35 min. A Waters 410 differential 
refractometer measured refractive index. This was connected in series with a Waters 
996 photodiode array detector that monitored the eluting compounds. Organic acids 
were detected by photodiode array at 210 nm, while sugars were detected by the 
differential refractometer. Then, peaks were quantified using external standard 
calibration based on peak height estimation with baseline integration. Results were 
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recorded for individual sugars and organic acids (g/L) as well as total sugars (the sum of 
glucose and fructose) and total organic acids (the sum of tartaric, malic, isocitric). 
Marketability Analysis. On the day of harvest, three clamshells per cultivar per treatment were 
designated for analysis of marketability attributes. Data was collected at harvest and during 
storage from these clamshells regarding number of berries, decay, and berry drop.  
Decay. At harvest and during storage, each clamshell was examined for total number of 
decayed berries (visible rot or mold). Percent of decay was calculated as (number of 
decayed berries divided by total berry count) x 100.  
Berry drop. At harvest and during storage, each clamshell was examined for total berry 
drop (berries detached from rachis). Berry drop was calculated as (number of dropped 
berries divided by total berry count) x 100.   
Design and Statistical Analysis 
 After harvest, clusters from each cultivar and treatment were completely randomized. 
Samples for berry and compositional analyses followed a split plot design while marketability 
analysis samples followed a repeated measures design. Statistical analyses were conducted 
using JMP® (version 14.3.0; SAS Institute, Cary, NC). A univariate analysis of variance (ANOVA) 
was used to determine significance of main factors (cultivar, cluster thinning treatment, and 
storage) and interactions. Tukey’s Honestly Significant Difference (HSD) test was used to detect 




High Tunnel Fayetteville 
In 2018 and 2019, the impact of two cluster thinning treatments (no thinning or thinning at 
pea-sized berries) on the postharvest attributes of grapes from three cultivars (‘Faith’, 
‘Gratitude’, and ‘Jupiter’) was evaluated. The impact on berry attributes and marketability 
attributes (Table 3) and composition attributes varied (Table 4). In both years, cultivar impacted 
berry weight, hue, and decay. In both seasons, there was a significant cultivar by storage 
interaction for rupture force, skin elasticity, pH, and TA. A cultivar by thinning interaction was 
observed for SS and pH. A cultivar by thinning by storage interaction occurred for total organic 
acids. 
2018 
In this year, there were no interactions between thinning treatment and storage or 
between cultivar, thinning, and storage.  Berry weight, was affected by both by cultivar and 
thinning treatment; however, there was no effect due to storage and no interactions were 
observed. The cultivar Jupiter had larger berries (4.45 g) than ‘Faith’ (3.32 g) and ‘Gratitude’ 
(2.80 g).  Pea size thinned vines had larger berry weight (3.64) than non-thinned vines (3.40 g.  
Percent drop and decay were significantly affected by cultivar and storage (Table 3). Day 21 
berries had the highest percent drop (7.41%), while Day 0 had the lowest percent (2.98%). Day 
7 (4.45%) and Day 14 (5.97%) did not vary from any other storage day (Table 3). 
An interaction between cultivar and thinning was observed for percent decay. Non-
thinned ‘Faith’ had the highest decay (9.95%), while all other cultivars and thinning groups did 
not differ from each other (Fig. 3) 
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An interaction between cultivar and storage was observed for rupture force and skin 
elasticity.  Faith and Jupiter cultivars were similar in rupture force at day 0 (6.64 N and 6.87 N, 
respectively), whereas ‘Gratitude’ rupture force at day 0 measured the highest at 15.20 N. At 
day 7, ‘Gratitude’ had the highest rupture force (19.49 N), while Faith (9.38 N) and Jupiter 
(12.40 N) cultivars were not different. ‘Faith’ had the lowest rupture force on day 14 (17.01 N); 
however, the cultivars Gratitude (22.71 N) and Jupiter (19.45 N) did not vary. On day 21, 
‘Gratitude’ had the lowest rupture force (10.47 N), whereas Faith (16.75 N) and Jupiter (20.58 
N) cultivars were similar (Fig. 4). The cultivar Faith had the lowest skin elasticity on day 0 (4.02 
mm), while Gratitude (5.95 mm) and Jupiter (5.86 mm) did not vary. On day 7, ‘Gratitude’ (9.66 
mm) had the highest skin elasticity level, while ‘Faith’ (4.70 mm) and ‘Jupiter’ (5.79 mm) did not 
vary. The cultivar Gratitude had the highest skin elasticity level at day 14 (8.02); however, Faith 
(4.97 mm) and Jupiter (5.23 mm) cultivars did not differ. The three cultivars did not vary from 
one another on day 21 (Fig. 5) (Table 3).  
For composition, there were no significant main effects.  There were cultivar by thinning 
and cultivar by storage interactions were observed for SS, pH, and TA (Fig. 6, Fig. 7, Fig. 8, and 
Fig. 9). Non-thinned ‘Faith’ had the highest SS (19.13%), while all other cultivars and thinning 
treatments did not differ from one another (Fig. 6). Non-thinned ‘Faith’ had higher pH (3.70) 
than thinned ‘Faith’ (3.52) (Fig. 7). Pea size-thinned ‘Faith’ had higher percent TA (0.72%) than 
non-thinned ‘Faith’ (0.62%) (Fig. 8). ‘Gratitude’ at day 14 had the highest SS percentage 
(19.23%), while ‘Faith’ at day 14 had the lowest (15.72%) (Fig. 9). The cultivar Jupiter at day 0 
had the highest pH (3.81), while the cultivar Faith at day 14 had the lowest (3.25) (Fig. 10). The 
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cultivar Faith at day 14 had the highest TA (0.88%), while ‘Faith’ at day 0 had the lowest TA 
(0.47%) (Fig. 11).  
A cultivar by thinning by storage interaction was observed for the total organic sugars, 
and total organic acids. Non-thinned ‘Faith’ at day 21 had the highest total organic sugars 
(361.67 g/L), while non-thinned ‘Gratitude’ on day 7 had the lowest (96.20 g/L). All cultivars and 
thinning groups had consistently higher total sugars after 21 days of storage (Table 5). Pea size-
thinned ‘Faith’ at 14 days had the highest total organic acids (7.42 g/L), while non-thinned 
‘Faith’ at day 7 had the lowest (3.22 g/L). Total organic acids increased during storage for 
‘Faith’, ‘Jupiter’, and non-thinned ‘Gratitude’, but not for thinned ‘Gratitude’ (Table 5).  
2019 
There were no main effects for any of the attributes measured. Interactions of cultivar 
by thinning for rupture force, skin elasticity and percent drop were observed and an interaction 
for cultivar by storage for rupture force and skin elasticity. Rupture force for non-thinned and 
thinned ‘Gratitude’ was different (4.43 N and 4.21 N, respectively) from ‘Jupiter’ thinned at 
pea-size (3.39 N) (Fig. 12). Skin elasticity for ‘Faith’ was lowest for non-thinned vines (4.30 mm), 
but ‘Faith’ did not differ from ‘Jupiter’ and ‘Gratitude’ with pea-size thinning (Fig. 13). Berry 
drop was higher for the cultivars Faith and Jupiter at pea-size thinning (14.81% and 17.20%, 
respectively) than for non-thinned (8.05% and 4.88%, respectively) (Fig. 14). The cultivars Faith, 
Gratitude, and Jupiter did not vary in rupture force on day 0 or day 7. ‘Gratitude’ had the 
highest rupture force by day 14 (4.13N) and ‘Faith’ (3.01 N) had the lowest rupture force; 
however, ‘Jupiter’ did not differ from either cultivar. The cultivar Gratitude had the highest 
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rupture force on day 21 (4.28 N) and ‘Faith’ had the lowest (2.98 N), but ‘Jupiter’ (3.64 N) did 
not vary from any other cultivar (Fig. 4).  At day 7, the cultivar Faith had the lowest skin 
elasticity (4.34 mm) and ‘Jupiter’ had the highest (5.72 mm); however, ‘Gratitude’ (5.21 mm) 
did not vary from either cultivar. ‘Faith’ had the lowest skin elasticity at day 14 (4.11 mm), 
whereas ‘Gratitude’ (5.41 mm) and ‘Jupiter’ (6.03 mm) did not differ from one another. On day 
21, Faith had the lowest skin elasticity level (4.40 mm), while Gratitude (5.87 mm) and Jupiter 
(6.34 mm) cultivars did not vary from each other (Fig. 5).  
A cultivar by thinning interaction was observed for pH (Fig.7) and cultivar by storage 
interactions were observed for pH, TA, and total organic acids. Non-thinned ‘Gratitude’ had a 
lower pH (3.42) than thinned ‘Gratitude’ (3.58) (Fig. 7). ‘Jupiter’ at day 0 had the highest pH 
(3.92), while ‘Gratitude’ at day 21 had the lowest pH (3.42) (Fig. 10). ‘Jupiter’ at day 0 had the 
lowest TA (0.39%), while ‘Faith’ at day 14 had the highest (0.85%). All three cultivars at day 0 
had lower levels of TA compared to their measurements at day 21 (Fig. 11). ‘Jupiter’ was lower 
overall in total acids when compared to the other cultivars. The lowest total organic acids were 
for ‘Jupiter’ at day 0 (6.58 g/L), while the highest was for ‘Gratitude’ at day 0 (9.18 g/L) (Fig. 15) 
(Table 4).  
Cultivar by thinning by storage interactions were observed for SS and total organic 
sugars. Thinned ‘Jupiter’ at day 7 had the highest SS (18.27%), while non-thinned ‘Jupiter’ at 
day 7 had the lowest (14.67%). After 21 days of storage, all thinned groups had higher SS 
compared to their non-thinned counterparts (Table 6). After 21 days of storage, total organic 
sugars had decreased for non-thinned ‘Faith’, thinned ‘Faith’, non-thinned ‘Gratitude’, and 
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thinned ‘Gratitude’. The lowest total organic sugars were non-thinned ‘Gratitude’ at day 21 
(38.91 g/L), while the highest was for thinned ‘Faith’ at day 14 (218.56 g/L) (Table 6).  
Cabot High Tunnel  
In 2018 and 2019, the impact of three cluster thinning treatments (no thinning, thinning 
at pea-sized berries, and thinning at veraison) on the postharvest attributes of grapes from two 
cultivars (‘Hope’ and ‘Jupiter’) was evaluated. The impact on berry attributes and marketability 
attributes (Table 7) and composition attributes varied (Table 8). In both years, storage impacted 
rupture force, decay, and TA.  
2018 
In the 2018 season, no storage data was available for the cultivar Hope due to disease 
issues. The following results are for the cultivar Jupiter only. There were no interaction effects 
for any of the variable measured. 
There were not significant differences by cultivar for any of the attributes measured.  
Berry weight and percent drop varied by thinning treatment but there was no effect due to 
storage or interaction effects (Table 7). Pea size-thinned vines had the largest weight (4.95 g), 
while non-thinned vines (3.98 g) and veraison-thinned vines (4.20 g) did not vary statistically 
from each other. Pea size-thinned vines had the highest percent (21.24%). Non-thinned vines 
(3.04%) had a lower percent than veraison-thinned vines (14.22%) (Table 7).  
Rupture force differed by storage. Day 21 had the greatest force (18.77 N). Day 14 (9.37 
N) was greater than Day 0 (4.88 N) and Day 7 (6.18 N) though they did not differ from each 
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other. Skin elasticity varied by thinning and storage. Day 21 had the highest level (7.79 mm); 
however, Day 0 (5.31 mm), Day 7 (5.54 mm), and Day 14 (4.72 mm) did not differ from each 
other (Table 7).  
Percent decay varied by storage, though not thinning effect was observed. Day 21 had 
the highest percent (4.14%), while Day 0 had the lowest (0.73%). Day 7 (2.33%) did not vary 
from Day 0 or Day 14, whereas Day 14 (2.74%) did not vary from Day 7 or Day 21 (Table 7).  
No variation by thinning treatment or storage day was observed for SS and total acids 
(Table 8). pH varied by thinning treatment. Non-thinned vines had the lowest pH (3.86) and pea 
size-thinned vines had the highest (3.96); however, veraison-thinned vines (3.91) did not vary 
from any other group. TA and total organic sugars differed by storage day. Day 0 had the lowest 
TA (0.48%), followed by day 7 (0.56%). Day 14 (0.63%) and day 21 (0.65%) were higher than 
other storage days but did not differ from each other. Total organic sugars varied by storage 
day. Day 21 had the highest sugar level (269.89 g/L), while day 0 (122.98 g/L), day 7 (156.21 
g/L), and day 14 (163.06 g/L) did not vary from each other (Table 8).  
2019 
Berry weight differed by cultivar, though there was no effect due to thinning or storage. 
(Table 7). The berries of the cultivar Jupiter weighed more than the cultivar Hope (4.12 g and 
3.22 g, respectively).   
Rupture force varied by cultivar, thinning treatment and storage day, but no interaction 
was observed. ‘Hope’ had a lower rupture force (2.94 N) compared to ‘Jupiter’ (3.67 N). Non-
thinned vines had the highest force (3.57 N) and pea size-thinned vines had the lowest level 
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(3.02 N); however, veraison-thinned vines (3.31 N) did not vary from any other treatment. Day 
0 had the highest force (3.53 N), while Day 7 had the lowest (3.03 N). Day 14 (3.25) and Day 21 
(3.41) did not vary from any other storage days (Table 7). An interaction between thinning and 
storage was observed for skin elasticity. Non-thinned vines did not vary on day 0, day 7, day 14, 
day 21 (7.04, 6.20, 6.74, and 6.55, respectively). Pea-size thinned vines had the highest skin 
elasticity level on day 0 (7.03) and the lowest level on day 14 (5.47); however, day 7 (6.27) and 
day 21 (5.99) did not vary from any other days. Veraison-thinned vines did not differ on day 0, 
day 7, day 14, and day 21 (6.53, 6.08, 6.57, and 6.75, respectively) (Fig. 16) (Table 7). 
 An interaction between cultivar and thinning was observed for percent drop (Fig. 17). 
Percent decay varied among cultivars and storage days, though there was no thinning effect 
and no interactions. The cultivar Hope had a lower percent (3.81%) compared to ‘Jupiter’ 
(7.64%). Day 21 had the highest percent (10.21%); however, Day 0 (2.71), Day 7 (3.82%), and 
Day 14 (6.17 %) did not differ from each other (Fig. 17) (Table 7).  
TA was the only composition attribute affected by cultivar. The cultivar Hope had higher 
TA (0.56%), while ‘Jupiter’ had lower TA (0.53%). Storage also had an effect on TA. TA was 
highest at day 21 (0.67%), followed by day 14 (0.60%), day 7 (0.48%), and day 0 (0.44%) (Table 
8). Thinning had an effect on total organic acids. Veraison-thinned vines had the highest total 
organic acids (8.49 g/L), followed by non-thinned (7.94 g/L) and pea size-thinned (7.62 g/L). A 
cultivar by thinning interaction was observed for total organic sugars. Both cultivars had higher 
organic sugar totals when the vines were thinned compared to the non-thinned groups. 
Veraison-thinned ‘Jupiter’ had the highest total organic sugars (50.81 g/L), while non-thinned 
‘Jupiter’ had the lowest (37.39 g/L) (Fig. 18). A cultivar by storage interaction occurred for pH 
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and total organic acids. The cultivar Jupiter at day 0 had the highest pH (3.78), while ‘Hope’ at 
day 7 had the lowest (3.40) (Fig. 19). The cultivar Jupiter had lower organic acid totals at all 
storage days compared to the cultivar Hope. Total organic acids were highest for ‘Hope’ at day 
7 (9.61 g/L) and lowest for ‘Jupiter’ at day 7 (6.57 g/L) (Fig. 20) (Table 8). 
A cultivar by thinning by storage interaction was observed for SS. Veraison-thinned 
‘Jupiter’ at 21 days of storage had the highest SS (18.03%), while non-thinned Jupiter at day 0 
had the lowest (13.20%). Non-thinned vines consistently had lower levels of SS than veraison-
thinned vines (Table 9).  
 
Clarksville Outdoor Vineyard 
In 2018 and 2019, postharvest attributes of grapes from four cultivars (‘Faith’, 
‘Gratitude’, ‘Hope’, and ‘Jupiter’) was evaluated. The impact on berry attributes and 
marketability attributes (Table 10) and composition attributes varied (Table 11). In both years, 
cultivar impacted berry weight. In both years, a cultivar by storage interaction was observed for 
skin elasticity, SS, pH, TA, and total organic acids.  
Average rainfall during the growing season in 2018 and 2019 was 132 mm and 160 mm, 
respectively (Fig. 1). In 2018 the average temperature during the growing season in Clarksville 
was 22° C. For the 2019 season, the average temperature was 21° C (Fig. 2). 
2018. 
Berry weight was the only attribute affected by cultivar. The cultivar Faith had the 
lowest weight (2.35 g); however, Gratitude (4.07 g), Hope (4.37 g), and Jupiter (4.13 g) cultivars 
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did not vary from each other.  With the exception of total organic acids, storage did have an 
effect on any of the attributes measured (Table 10).  
A cultivar by storage interaction was observed for rupture force, skin elasticity, percent 
drop, and percent decay. ‘Faith’ had the highest rupture force on day 14 (13.93 N) and the 
lowest force on day 0 (4.85 N), while day 7 (8.87 N) and day 21 (10.58 N) did not differ from any 
other day. ‘Gratitude’ has the highest rupture force on day 14 (20.11 N) and the lowest level on 
day 21 (9.75 N). Day 7 (18.48 N) was higher than day 21 but did not differ from day 0 (13.66 N) 
or day 14 (Fig. 21). Day 0 was lower than day 14 but was not different from any other days. 
‘Faith’ had the lowest rupture force level on day 7 (4.52 mm) and the highest level on day 21 
(8.81 mm). On day 0 (5.31 mm) and day 14 (6.81 mm), ‘Faith’ measurements did not differ with 
any other day except with day 21 (Fig. 22) (Table 10).  
The cultivar Faith did not vary in berry drop percentage on day 0, day 7, day 14, and day 
21 (5.79%, 6.81%, 9.86%, and 11.44%, respectively). ‘Gratitude’ did not vary on day 0, day 7, 
day 14, and day 21 (1.37%, 1.80%, 1.95%, and 1.95%, respectively). The cultivar Hope did not 
differ on day 0, day 7, day 14, and day 21 (1.09%, 1.46%, 1.78%, and 3.84%, respectively). 
‘Jupiter’ was higher on day 21 (37.26%) than on day 0 (20.76%) and day 7 (25.56%); however, 
day 14 (29.16%) did not vary from any other day (Fig. 23). The cultivar Faith did not vary in 
decay percentage on day 0, day 7, day 14, and day 21 (6.98%, 11.21%, 11.21%, and 15.71%, 
respectively). The cultivar Gratitude did not differ on day 0, day 7, day 14, and day 21 (0.82%, 
1.24%, 1.67%, and 2.80%, respectively). The cultivar Hope did not differ on day 0, day 7, day 14, 
and day 21 (2.27%, 3.11%, 4.65%, and 7.27%, respectively). ‘Jupiter’ was higher on day 14 
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(16.61%) and day 21 (21.01%) than on day 0 (5.03%). Day 7 (10.11%) was lower than day 21 but 
did not vary from any other day (Fig. 24) (Table 10).  
Cultivar by storage interactions occurred for SS, pH, TA, and total organic sugars. ‘Faith’ 
at day 21 had the highest SS percentage (21.17%), while ‘Hope’ at day 7 had the lowest 
(15.80%). The cultivar Faith had lower SS at all storage days compared to the other cultivars 
(Fig. 25). ‘Jupiter’ at day 0 had the highest pH (4.18), whereas ‘Hope’ on day 21 had the lowest 
(3.40). The cultivar Hope at all storage days had lower pH than all other cultivars (Fig. 26). The 
cultivar Hope at day 21 had the highest TA (0.80%), while ‘Jupiter’ at day 0 had the lowest 
(0.40). All cultivars had lower levels of TA when measured at day 0 than at day 21 (Fig. 27). 
Total organic sugars were highest for ‘Faith’ (Fig. 28). Total organic acids increased during 
storage (Table 11). 
2019 
Berry weight varied among cultivars but no storage effect was observed. Rupture force 
did not differ among cultivars and storage. Due to mechanical malfunctions, data was not 
available for the cultivars Faith and Jupiter on Day 0. An interaction between cultivar and 
storage was observed for skin elasticity. The cultivar Faith did not vary in skin elasticity 
percentage on day 0, day 7, day 14, and day 21 (5.24 mm, 4.82 mm, 4.36 mm, 5.05 mm, 
respectively). ‘Gratitude’ did not differ on day 0, day 7, day 14, and day 21 (3.87%, 4.06%, 
3.27%, and 4.80%, respectively). The cultivar Hope was lower on day 7 (3.30 mm) than on day 
0, day 14, and day 21 (5.77 mm, 5.65 mm, and 6.20 mm, respectively). ‘Jupiter’ was lower on 
day 0 (3.01 mm) than on day 7, day 14, and day 21 (5.65 mm, 5.39 mm, and 5.63 mm, 
respectively) (Fig. 22) (Table 10).  
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Percent drop and decay varied among cultivars, though not storage effect was observed. 
‘Faith’ had the lowest percent drop (6.86%), while ‘Hope’ had the highest (15.81%). The cultivar 
Faith had the lowest percent decay (1.57%), compared to ‘Hope’ with the highest (13.94%) 
(Table 10).  
Cultivar by storage interactions were observed for SS, pH, TA, and total organic acids. 
‘Gratitude’ on day 21 had the highest percentage of SS (17.10%), while ‘Hope’ on day 14 had 
the lowest (14.5%) (Fig. 25). ‘Jupiter’ on day 0 had the highest pH (4.04), while ‘Faith’ on day 0 
had the lowest (3.26). ‘Faith’ had lower pH levels at all storage times compared to the other 
three cultivars (Fig. 26). ‘Faith’ at day 14 had the highest TA (1.65%), while ‘Gratitude’ at day 0 
had the lowest (0.44%). ‘Faith’ had higher TA at all storage days compared to the other three 
cultivars (Fig. 27). The cultivar Faith on all storage days had higher organic acid totals than all 
other cultivars (Table 29). 
Discussion 
Previous table grape research has indicated that cultural practices, namely cluster 
thinning, and production environment can affect the crop’s development and postharvest 
quality in many ways. Characteristics observed in the following studies relate either 
supportively or adversely to the observations in this research project. 
Based on previous hybrid table grape research by Felts (2018), high tunnel-grown 
grapevines developed higher quality berries than outdoor-grown grapes. Furthermore, the 
cultivars Jupiter, Faith, and Gratitude varied in their postharvest characteristics. ‘Jupiter’ tended 
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to have the largest berries. Also, cultivar impacted SS, pH, and TA. ‘Jupiter’ had the highest SS 
and pH and the lowest TA, while ‘Gratitude’ had the lowest level of SS and pH and highest TA.  
In regards to cluster thinning, various studies of outdoor-grown table grapes have 
indicated that this practice is useful for enhancing the fruit’s marketability and composition 
factors. For example, in a study by Dokoozilian and Hirschfelt, the researchers tested the effects 
of applying cluster thinning of ‘Flame Seedless’ grapes at different developmental stages. Vines 
that were thinned mid-season had improved berry color (Dokoozilian and Hirschfelt, 1995). A 
2015 study by Bogicevic et al., evaluated the impact of various levels of cluster thinning 
intensity upon marketability and composition of ‘Cabernet Sauvignon’ and ‘Vranc’. Researchers 
found that SS increased when the vines were thinned to have one cluster per vines (Bogicevic et 
al., 2015). In a study by Dami et al., cluster thinning of ‘Chambourcin’ hybrid grapes consistently 
had increased SS and higher acidity (Dami et al., 2006). Also, berry size can increase due to 
cluster thinning. Sokuwar et al. conducted a five-year study of ‘Jumbo Seedless’ table grapes, 
finding that the most intensively thinned vines showed the greatest improvement in berry size 
(Sokuwar, et al.,2014).  
During storage, high tunnel-grown fruit has been shown to have lower weight loss, less 
berry drop, less decay, and firmer texture measurements when compared to outdoor-grown 
grapes. These findings indicated that high tunnel production improved the storage durability 





During the 2019 season, a cultivar by storage interaction was observed for L* and 
chroma. Both of these characteristics, lightness and saturation, diminished during storage for 
the cultivar Faith. For the 2018 season, a cultivar by storage interaction was observed for both 
rupture force and skin elasticity. Firmness can be calculated with rupture force divided by skin 
elasticity. Higher ratios correlate to firmer berries (Giacosa et al., 2014). Faith and Jupiter 
exhibited increased firmness during storage times. This is contrary to previous studies of field-
grown grapes since texture usually declines during storage (Ma et al., 2016; Chironi, et al., 
2017). Increased firmness may have been due to berry desiccation. In 2019, a cultivar by 
storage interaction was observed for both rupture force and skin elasticity. Jupiter had a much 
higher decrease in firmness than Faith and Gratitude, especially by Day 14 and Day 21. 
According to sensory studies, texture and consistency of field-grown table grapes noticeably 
diminishes during storage (Ma et al., 2016; Chironi, et al., 2017). Berry drop varied by storage 
time in 2018. After 21 days, berry drop was significantly higher than on the day of harvest. 
According to previous studies, berry drop is a common form of deterioration for field-grown 




The sugar to acidity ratio for all cultivars tended to decrease during storage. This is 
consistent with other research that flavor tends to diminish during storage (Ma et al., 2016; 





As most of the 2018 Hope crop was lost to disease issues, storage data for this cultivar is 
not available. Increased berry firmness may have been due to desiccation while in the cooler 
system. During the 2019 season, a thinning by storage interaction was observed for skin 
elasticity. Firmness increased during storage for pea-size thinned berries; however, storage 
time did not have a noticeable impact upon other thinning treatments. The observation is 
contrary to research of field-grown grapes as storage time usually correlates to a decline in 
texture quality. Decay increased during storage in both seasons. Increased fungal rot is 
common and expected for field-grown table grapes during storage (Ma et al., 2016; Chironi, et 
al., 2017).  In 2019, Jupiter had higher decay rates than Hope. During that season, Jupiter had 
more disease stress than Hope, which likely contributed to heightened decay during storage.   
Composition 
TA increased during storage in both years. The ratio of sugars to acids, an indicator of 
flavor, decreased during storage time. This is consistent with previous research that berry flavor 




For the 2018 season, cultivar by storage interactions were observed for rupture force 
and skin elasticity. Gratitude, Hope, and Jupiter decreased in firmness during storage; however, 
Faith increased in firmness. The latter observation does not agree with previous studies of field-
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grown grapes since texture usually diminishes during storage (Ma et al., 2016; Chironi, et al., 
2017). Also, a cultivar by storage interaction was observed in 2019. Jupiter decreased greatly in 
firmness during storage, while Faith did not noticeably change in firmness over time. According 
to sensory research, field-grown grapes usually diminish in texture quality during storage (Ma 
et al., 2016; Chironi, et al., 2017). Storage performance of Faith in both of these years may be 
due to cultivar characteristics. In 2018, a cultivar by storage interaction was observed for berry 
drop. Jupiter had the highest berry drop at all storage times and was the only cultivar to show 
an increase in berry drop during storage. Based on observations of Jupiter at other locations, 
this may be a common characteristic of the cultivar. A cultivar by storage interaction was 
observed for decay in 2018. Jupiter increased in percentage of decay during storage, while all 
other cultivars did not. Typically, fungal rot and decay are common during storage (Ma et al., 
2016; Chironi, et al., 2017). However, Jupiter usually has high health ratings (Clark and Moore, 
2013).  
Composition 
In both seasons, the sugar to acid ratio diminished during storage. This is consistent with 
previous observations that berry flavor weakens during storage time (Ma et al., 2016; Chironi, 
et al., 2017). 
Conclusion 
High Tunnel-grown Grapes 
The cultivar Jupiter typically had the largest berries in both high tunnel locations, which 
is considered to be a preferable trait for marketability. In 2018, berries tended to be larger 
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when vines were thinned at a pea-size level in both locations. Firmness varied by cultivar with 
‘Gratitude’ and ‘Faith’ typically having firmer berries. Berry drop consistently increased during 
storage. ‘Jupiter’ had high levels of berry drop, especially in comparison to Gratitude and Hope 
cultivars. At both locations, berry drop was usually lower for non-thinned vines than for other 
thinning treatments. Decay usually increased during storage for all cultivars. ‘Faith’ at 
Fayetteville had high levels of decay in both years. The cultivar Gratitude had especially light 
and saturated berry coloration in both seasons, which is an attractive characteristic for 
consumers. Furthermore, color of ‘Gratitude’ did not appear to diminish during storage. 
Thinning did not show many differences in 2018; however, in 2019, non-thinned ‘Jupiter’ 
appeared to have richer coloration at both locations. Based on composition measurements, the 
four cultivars varied in flavor profile. ‘Jupiter’ consistently had low levels of tartaric acid in 
comparison to the other cultivars. Since this is the dominant acid detected in grapes, ‘Jupiter’ 
may have had the least tart flavor  
Field Grapes 
 ‘Faith’ had low berry weight in both seasons, while ‘Gratitude’ consistently had higher 
berry weight. ‘Faith’ exhibited high levels of firmness even during storage, whereas Jupiter 
decreased in firmness during storage in both seasons. Overall, berry drop tended to increase 
during storage. The cultivar Jupiter had consistently high levels of berry drop and significantly 
increased in berry drop during storage in 2018 more so than other cultivars. Decay generally 
increased during storage time, but the cultivar effects varied in each season. In regards to 
tartaric acid composition, ‘Jupiter’ tended to have the least acidic berries, while ‘Faith’ had the 




The postharvest qualities analyzed in this study are attributes that have been known to 
impact consumer acceptability of table grapes. These four cultivars varied in characteristics. For 
post-harvest quality, ‘Gratitude’ appeared to perform best overall in regards to firmness, berry 
drop, decay, and coloration. Though ‘Hope’ was only analyzed in 2019, this cultivar also 
exhibited low berry drop, and low decay. Notably, ‘Jupiter’ consistently had a large berry size 
and low tartaric acid levels at both locations. The cultivar Faith had exceptionally high rates of 
decay and this cultivar may not be especially recommended for high tunnel settings. Overall, 
cluster thinning treatments had minimal or inconsistent effects on berry quality. Thus, thinning 
practices may not be necessary for improving fruit quality of high-tunnel-grown table grapes. In 
comparison with the field conditions in Clarksville, the high tunnel-grown grapes appear to 
have similar or improved measurements of marketability both on the day of harvest and after 
twenty-one days of storage (Fig. 30 and 31). Based on these observations, high tunnel 
technology is a viable and productive system for growing high-quality table grapes. This system 
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Chapter 2 Tables and Figures 
Chapter 2 Tables. 
Table 1. Average temperatures and relative humidity 
(RH) inside the high tunnel in Fayetteville, AR in 2018 
and 2019. 
Year Month Mean Temperature (C) RH (%) 
2018 March 11.19 52.31 
2018 April 14.29 55.61 
2018 May 23.86 68.19 
2018 June 26.86 68.3 
2018 July 27.77 71.45 
2018 August 26.21 75.66 
2019 March 9.82 51.75 
2019 April 15.82 56.46 
2019 May 20.1 72.03 
2019 June 24.35 73.45 
2019 July 26.34 74.93 







































Table 2. Harvest dates of table grape cultivars grown at three locations in Arkansas 
in 2018 and 2019 
Location Type of 
vineyard 




Fayetteville High tunnel Faith  24 July 13 Aug. 
  Gratitude  30 July 20 Aug. 
  Jupiter  24 July 13 Aug. 
Cabot High tunnel Hope  08 Aug. 15 Aug. 
  Jupiter  16 July 08 Aug. 
Clarksville Conventional Faith  26 July 01 Aug. 
  Gratitude  31 July 12 Aug. 
  Hope   31 July 12 Aug.  
  Jupiter   31 July 26 July 
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Table 3. Main and interaction effects of berry and marketability attributes at harvest and 
during storage (0, 7, 14, and 21 d) at 2° C for three table grape cultivars (Gratitude, Faith, and 
Jupiter) with two cluster thinning applications grown under a high tunnel at Fayetteville, AR 
in 2018 and 2019.  
2018 




Drop (%)v Decay (%)u 
Cultivar (CV)      
  Gratitude 2.80 c 16.97  7.47  4.78 ab 2.45  
  Faith 3.32 b 12.44  5.04  3.62 b 7.30  
  Jupiter 4.45 a 14.82  5.92  7.21 a 3.90  
P value <.0001 <.0001 <.0001 0.0040 <.0001 
      
Thinning (T)s      
  None 3.40 b 15.13 6.11 5.69 5.54  
  Pea size 3.64 a 14.36 6.18 4.71 3.56  
P value 0.0383 
 
0.2555 0.6882 0.2560 0.0117 
      
Storage (S)      
  Day 0 3.69 9.57  5.27  2.98 b 2.80 b 
  Day 7 3.57 13.76  6.72  4.45 ab 3.42 b 
  Day 14 3.32 19.72  6.08  5.97 ab 4.74 ab 
  Day 21 3.50 15.93  6.51  7.41 a 7.24 a 
P value 0.1258 <.0001 <.0001 0.0040 0.0007 
      
CV X T (P 
value) 
0.0555 0.2687 0.3641 0.5117 0.0123 
CV X S (P 
value) 
0.1500 <.0001 <.0001 0.9722 0.9861 
T X S (P 
value) 
0.1683 0.9969 0.1632 0.8831 0.5998 
CV X T x S (P 
value) 
0.8011 0.4812 0.6935 0.9984 0.9942 
      
2019 
Cultivar (CV)      
  Gratitude 3.87 b 4.32  5.39  7.69  1.15 b 
  Faith 4.35 a 3.58  4.46  11.43 11.25 a 
  Jupiter 4.37 a 3.59  5.86  11.04 2.17 b 
P value 0.0027 <.0001 <.0001 0.0135 <.0001 
      
Thinning (T)      
  None 4.23 3.86 5.33 6.40 b 3.91 
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Table 3 Cont. Main and interaction effects of berry and marketability attributes at harvest 
and during storage (0, 7, 14, and 21 d) at 2° C for three table grape cultivars (Gratitude, Faith, 
and Jupiter) with two cluster thinning applications grown under a high tunnel at Fayetteville, 
AR in 2018 and 2019.  




Drop (%) Decay (%) 
  Pea-size 4.16 3.81 5.14 13.71 a 5.80 
P value 0.5566 0.7117 0.1163 <.0001 0.0647 
      
Storage (S)      
  Day 0 4.11 4.31  5.13 7.82 2.93 
  Day 7 4.20 3.90  5.09 9.69 4.41 
  Day 14 4.14 3.49  5.19 10.85 5.42 
  Day 21 4.32 3.64  5.54 11.86 6.66 
P value 0.6653 0.0001 0.4027 0.0695 0.0724 
      
CV X T (P 
value) 
0.1136 0.0113 0.0170 0.0036 0.2881 
CV X S (P 
value) 
0.1453 0.0477 0.0050 1.0000 0.5683 
T X S (P 
value) 
0.7646 0.2054 0.0589 0.8226 0.9995 
CV X T X S (P 
value) 
0.1315 0.0571 0.0503 0.9997 1.0000 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
yBerry weight (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, 
n=15 
yL represents lightness on a scale of 0 (opaque) to transparent (100) 
xRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 
3 clamshells, n=15 
wSkin elasticity (mm) is the distance traveled prior to penetration of a single berry, averaged 
from a 5-berry sample taken per 3 clamshells, n=15 
vPercent drop was calculated as total number of detached berries/total number of berries in 
the clamshell x 100 and is expressed as a percentage 
uPercentage decay was calculated as total number of decayed berries/total number of berries 
in the clamshell x 100 and is expressed as a percentage 





Table 4.  Main and interaction effects for berry composition attributes for three table grape 
cultivars (Faith, Gratitude, and Jupiter) grown under high tunnel conditions with two cluster 
thinning treatments (none and pea-size) at harvest and during storage (0, 7, 14, and 21 d) at 










Cultivar (CV)      
  Faith 17.95 3.61 0.67 170.69 4.53 
  Gratitude 17.29 3.46 0.68 127.73 4.49 
  Jupiter 17.42 3.77 0.62 169.02 4.87 
P value 0.0582 <.0001 0.0008 <.0001 0.3147 
      
Thinning (T)t      
  None 18.21 3.66 0.63 169.87 4.64 
  Pea size 16.89 3.57 0.68 141.75 4.62 
P value <.0001 0.0004 0.0012 <.0001 0.9226 
      
Storage (S)      
  Day 0 17.57 3.67 0.54 122.69 3.89 
  Day 7 17.14 3.60 0.66 125.66 4.35 
  Day 14 17.5 3.57 0.73 136.10 5.21 
  Day 21 18 3.62 0.69 238.79 5.08 
P value 0.0866 0.0389 <.0001 <.0001 0.0002 
      
CV X T (P 
value) 
0.0083 0.0246 0.0203 0.0053 0.0106 
CV X S (P 
value) 
<.0001 <.0001 <.0001 <.0001 0.0009 
T X S (P value) 0.0204 0.2025 0.0837 0.0008 0.7552 
CV X T x S (P 
value) 
0.3670 0.7169 0.6621 0.0030 0.0181 
      
2019 
CV      
  Faith 16.32 3.59 0.67 157.56 8.04 
  Gratitude 15.93 3.50 0.68 157.70 8.22 
  Jupiter 16.59 3.79 0.49 47.75 6.95 
P value 0.0255 <.0001 <.0001 <.0001 <.0001 
      
Thinning      
  None 15.38 3.59 0.64 113.18 7.66 
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Table 4 Cont.  Main and interaction effects for berry composition attributes for three table 
grape cultivars (Faith, Gratitude, and Jupiter) grown under high tunnel conditions with two 
cluster thinning treatments (none and pea-size) at harvest and during storage (0, 7, 14, and 









  Pea size 17.18 3.67 0.59 128.83 7.82 
P value <.0001 0.0017 0.0183 <.0001 0.3958 
      
Storage      
  Day 0 16.03 3.71 0.48 144.32 7.97 
  Day 7 16.55 3.62 0.51 144.19 7.57 
  Day 14 16.41 3.61 0.72 149.88 7.92 
  Day 21 16.14 3.56 0.75 45.62 7.47 
P value 0.2157 0.0002 <.0001 <.0001 0.1367 
      
CV X T (P 
value) 
0.0283 0.0026 0.3048 0.0013 0.1006 
CV X S (P 
value) 
0.1795 0.0100 <.0001 <.0001 0.0126 
T X S (P value) 0.0034 0.0757 0.8358 0.0687 0.2997 
CV X T x S (P 
value) 
<.0001 0.1543 0.4700 0.0016 0.4892 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 
clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, 
averaged from 50-berry juice samples from 3 clamshells, n=150 
vTotal organic sugars are constituted by glucose and fructose. 
uTotal organic acids are constituted by tartaric acid, citric acid, and malic acid. 





Table 5.  Interaction effects for total organic sugars and total organic acids 
for three table grape cultivars (Faith, Gratitude, and Jupiter) grown under 
high tunnel conditions with two cluster thinning treatments (none and pea-
size) at harvest and during storage (0, 7, 14, and 21 d) at 2° C at 
Fayetteville, AR in 2018. 




  Non-thinned Day 0 153.19 def 3.38 bc 
  Pea-sized  120.71 def 3.49 bc 
  Non-thinned Day 7 141.45 def 3.22 c 
  Pea-sized  102.04 ef 3.41 bc 
  Non-thinned Day 14 141.45 def 4.98 abc 
  Pea-sized  127.13 def 7.42 a 
  Non-thinned Day 21 361.67 a 5.45 abc 
  Pea-sized  231.18 bc 4.94 abc 
Gratitude  
  Non-thinned Day 0 111.40 def 4.49 abc 
  Pea-sized  106.99 ef 4.22 bc 
  Non-thinned Day 7 96.20 f 4.35 bc 
  Pea-sized  107.13 ef 4.38 bc 
  Non-thinned Day 14 172.66 def 5.57 abc 
  Pea-sized  127.40 def 3.67 bc 
  Non-thinned Day 21 172.66 cd  5.57 abc 
  Pea-sized  127.40 def 3.67 bc 
Jupiter   
  Non-thinned Day 0 124.17 def 3.95 bc 
  Pea-sized  119.67 def 3.82 bc 
  Non-thinned Day 7 162.99 de 5.64 abc 
  Pea-sized  144.17 def 5.12 abc 
  Non-thinned Day 14 134.34 def 4.50 abc 
  Pea-sized  126.95 def 5.09 abc 
  Non-thinned Day 21 279.60 b 4.63 abc 
  Pea-sized  260.24 b 6.23 ab 
zMeans followed by the same letter within each column are not significantly 
different at P = 0.05 
y Total organic sugars are constituted by glucose and fructose. 






Table 6.  Interaction effects for soluble solids and total organic sugars for three table grape 
cultivars (Faith, Gratitude, and Jupiter) grown under high tunnel conditions with two cluster 
thinning treatments (none and pea-size) at harvest and during storage (0, 7, 14, and 21 d) at 
2° C at Fayetteville, AR in 2019. 
Faith Storage Soluble solids (%)zy Total organic sugars (g/L)x 
  Non-thinned Day 0 14.83 d 178.28 c 
  Pea-sized  16.43 abcd 197.40 ab 
  Non-thinned Day 7 15.22 cd 178.06 b 
  Pea-sized  18.23 a 217.61 a 
  Non-thinned Day 14 14.77 d 179.23 b 
  Pea-sized  18.03 ab 218.56 a 
  Non-thinned Day 21 15.30 d 42.34 c 
  Pea-sized  17.63 abc 49.10 c 
Gratitude  
  Non-thinned Day 0 14.70 d 178.75 b 
  Pea-sized  17.20 abcd 217.34 a 
  Non-thinned Day 7 15.80 abcd 181.16 b 
  Pea-sized  17.00 abcd 197.46 ab 
  Non-thinned Day 14 16.00 abcd 201.29 ab 
  Pea-sized  16.37 abcd 204.11 ab 
  Non-thinned Day 21 14.77 d 38.91 c 
  Pea-sized  15.63 bcd 42.61 c 
Jupiter   
  Non-thinned Day 0 17.77 abc 51.44 c 
  Pea-sized  15.23 cd 42.74 c 
  Non-thinned Day 7 14.67 d 40.41 c 
  Pea-sized  18.27 a 50.46 c 
  Non-thinned Day 14 15.37 cd 41.43 c 
  Pea-sized  18.00 ab 54.64 c 
  Non-thinned Day 21 15.33 cd 46.91 c 
  Pea-sized  18.17 ab 53.97 c 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 
clamshells, n=150 





Table 7. Mean and interaction effects of berry and marketability attributes at harvest and 
during storage (0, 7, 14, and 21 d) at 2° C for two table grape cultivars (Hope and Jupiter) 
with three cluster thinning applications grown under a high tunnel at Cabot, AR in 2018 and 
2019.  
2018 





Drop (%)v Decay (%)u 
Cultivar (CV)      
  Hope . . . . . 
  Jupiter 4.38 9.80 5.84 12.84 2.48 
P value . . . . . 
      
Thinning (T)s      
  None 3.98 b 10.10 5.89 ab 3.04 c 2.03 
  Pea size 4.96 a 9.14 5.32 b 21.24 a 3.20 
  Veraison 4.20 b 10.15 6.30 a 14.22 b 2.22 
P value 0.0004 0.3401 0.0103 <.0001 0.0728 
      
Storage (S)      
  Day 0 4.35 4.88 c 5.31 b 9.26 0.73 c 
  Day 7 4.15 6.18 c 5.54 b 12.67 2.33 bc 
  Day 14 4.57 9.37 b 4.72 b 13.95 2.74 ab 
  Day 21 4.46 18.77 a 7.79 a 15.47 4.14 a 
P value 0.4114 <.0001 <.0001 0.2094 0.0001 
      
CV X T (P 
value) 
. . . . . 
CV X S (P 
value) 
. . . . . 
T X S (P 
value) 
0.2839 0.8090 0.4141 0.7748 0.6189 
CV X T x S (P 
value) 
. . . . . 
      
2019 
CV      
  Hope 3.22 b 2.94 b 6.79 a 3.95  3.81 b 
  Jupiter 4.12 a 3.67 a 6.07 b 6.07  7.64 a 
P value <.0001 <.0001 <.0001 <.0001 0.0006 
      
Thinning      
  None 3.52 3.57 a 6.63 7.37  5.86 
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Table 7 Cont. Mean and interaction effects of berry and marketability attributes at harvest 
and during storage (0, 7, 14, and 21 d) at 2 ° C for two table grape cultivars (Hope and Jupiter) 
with three cluster thinning applications grown under a high tunnel at Cabot, AR in 2018 and 
2019.  





Drop (%) Decay (%) 
  Pea-size 3.75 3.02 b 6.18 15.15 5.53 
  Veraison 39.02 3.31 ab 6.48 10.21  5.78 
P value 0.3478 0.0039 0.0663 0.0001 0.9647 
      
Storage      
  Day 0 3.75 3.53 a 6.87 8.54 2.71 b 
  Day 7 3.86 3.03 b 6.17 9.86 3.82 b 
  Day 14 3.54 3.25 ab 6.26 11.38 6.17 b 
  Day 21 3.54 3.41 ab 6.43 13.85 10.21 a 
P value 0.3062 0.0451 0.0576 0.0524 <.0001 
      
CV X T (P 
value) 
0.6666 0.7223 0.3513 <.0001 0.3509 
CV X S (P 
value) 
0.8867 0.2171 0.2249 0.4622 0.5838 
T X S (P 
value) 
0.3940 0.1230 0.0473 0.9911 0.9860 
CV X T X S (P 
value) 
0.3763 0.4322 0.3684 0.9896 0.7860 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
yBerry weight (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, 
n=15 
yL represents lightness on a scale of 0 (opaque) to transparent (100) 
xRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 
3 clamshells, n=15 
wSkin elasticity (mm) is the distance traveled prior to penetration of a single berry, averaged 
from a 5-berry sample taken per 3 clamshells, n=15 
vPercent drop was calculated as total number of detached berries/total number of berries in 
the clamshell x 100 and is expressed as a percentage 
uPercentage decay was calculated as total number of decayed berries/total number of berries 
in the clamshell x 100 and is expressed as a percentage 
sNo cluster thinning during the season; thinning at the stage of pea-sized berry development; 





Table 8.  Main and interaction effects for berry composition attributes for two table grape 
cultivars (Hope and Jupiter) grown under high tunnel conditions with three cluster thinning 
treatments (none, pea-size, and veraison) at harvest and during storage (0, 7, 14, and 21 d) at 










Cultivar (CV)      
  Hope . . . . . 
  Jupiter 18.07 3.91 0.58 178.03 5.13 
P value . . . . . 
      
Thinning (T)v      
  None 18.00 3.86 b 0.60 165.33 4.10 
  Pea size 18.05 3.96 a 0.57 177.84 4.35 
  Veraison 18.17 3.91 ab 0.57 190.94 6.94 
P value 0.8015 0.0031 0.1260 0.1553 0.3133 
      
Storage (S)      
  Day 0 17.92 3.95 0.48 c 122.98 b 3.52 
  Day 7 18.32 3.92 0.56 b 156.21 b 3.79 
  Day 14 17.86 3.92 0.63 a 163.06 b 4.79 
  Day 21 18.19 3.86 0.65 a 269.89 a 8.42 
P value 0.3641 0.0534 <.0001 <.0001 0.1600 
      
CV X T (P 
value) 
. . . . . 
CV X S (P 
value) 
. . . . . 
T X S (P value) 0.0546 0.1596 0.4307 0.0574 0.3418 
CV X T x S (P 
value) 
. . . . . 
      
2019 
CV      
  Hope 15.72 3.49 0.56 a 44.98 8.92 
  Jupiter 15.28 3.73 0.53 b 44.53 7.11 
P value 0.0404 <.0001 0.0383 0.7037 <.0001 
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Table 8 Cont.  Main and interaction effects for berry composition attributes for two table 
grape cultivars (Hope and Jupiter) grown under high tunnel conditions with three cluster 
thinning treatments (none, pea-size, and veraison) at harvest and during storage (0, 7, 14, 









Thinning      
  None      
  Pea size 14.08 3.58 0.56 39.58 7.94 
  Veraison 15.70 3.67 0.53 45.53 7.62 
P value 16.73 3.56 0.54 49.16 8.49 
 <.0001 0.0032 0.0603 <.0001 0.0183 
Storage      
  Day 0 14.98 3.65 0.44 d 43.85 7.62 
  Day 7 15.53 3.58 0.48 c 45.81 8.09 
  Day 14 15.55 3.62 0.60 b 43.23 7.77 
  Day 21 15.94 3.59 0.67 a 46.13 8.58 
P value 0.0201 0.2746 <.0001 0.2356 0.0365 
      
CV X T (P 
value) 
0.5801 0.7053 0.9941 0.0374 0.1098 
CV X S (P 
value) 
0.1161 0.0386 0.4644 0.1875 0.0419 
T X S (P value) 0.2674 0.3422 0.2437 0.1892 0.4814 
CV X T x S (P 
value) 
0.0352 0.5486 0.2011 0.7484 0.4076 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 
clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, 
averaged from 50-berry juice samples from 3 clamshells, n=150 
vTotal organic sugars are constituted by glucose and fructose. 
uTotal organic acids are constituted by tartaric acid, citric acid, and malic acid. 
tNo cluster thinning during the season; thinning at the stage of pea-sized berry development; 





Table 9.  Interaction effect for soluble solids for two table grape cultivars (Hope and Jupiter) 
grown under high tunnel conditions with three cluster thinning treatments (none, pea-size, 
and veraison) at harvest and during storage (0, 7, 14, and 21 d) at 2° C at Cabot, AR in 2019. 
Hope Storage Soluble solids (%)zy 
  Non-thinned Day 0 13.93 de 
  Pea-sized  15.60 abcde 
  Veraison  17.13 ab 
  Non-thinned Day 7 14.10 cde 
  Pea-sized  15.93 abcde 
  Veraison  17.23 ab 
  Non-thinned Day 14 13.97 de 
  Pea-sized  15.83 abcde 
  Veraison  16.37 abcd 
  Non-thinned Day 21 15.37 abcde 
  Pea-sized  16.80 abc 
  Veraison  16.50 abcd 
Jupiter  
  Non-thinned Day 0 13.20 e 
  Pea-sized  14.73 bcde 
  Veraison  15.30 abcde 
  Non-thinned Day 7 13.87 de 
  Pea-sized  14.87 bcde 
  Veraison  17.20 ab 
  Non-thinned Day 14 14.30 cde 
  Pea-sized  16.77 abc 
  Veraison  16.07 abcd 
  Non-thinned Day 21 14.03 cde 
  Pea-sized  15.03 bcde 
  Veraison  18.03 a 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 






Table 10.  Mean and interaction effects of berry and marketability attributes at harvest and 
during storage (0, 7, 14, and 21 d) at 2° C for four table grape cultivars (Faith, Gratitude, 
Hope, and Jupiter) grown under field conditions at Clarksville, AR in 2018 and 2019. 





Drop (%)v Decay (%)u 
2018 
Cultivar (CV)      
  Faith 2.35 b 9.56  6.37  8.48  11.28 a 
  Gratitude 4.07 a 15.50 6.04  1.77  1.63 b 
  Hope 4.37 a 11.42  8.04  2.04  4.33 b 
  Jupiter 4.13 a 11.65 6.31  28.18 13.19 a 
P value <.0001 <.0001 <.0001 <.0001 <.0001 
      
Storage (S)      
  Day 0 3.91 9.16  5.80  7.25  3.77  
  Day 7 3.56 14.06 7.42  8.91  6.42  
  Day 14 3.82 16.31 6.74  10.69 8.54  
  Day 21 3.63 8.59  6.81  13.62 11.7  
P value 0.2574 <.0001 0.0005 0.0005 <.0001 
      
CV X S (P 
value) 
0.1951 0.0002 <.0001 0.0337 0.0220 
      
2019 
CV      
  Faith 2.28 c 3.71 4.87  1.13 c 1.57 c 
  Gratitude 4.36 a 3.57  4.00  6.86 bc 7.77 b 
  Hope 3.38 b 3.03 5.23  15.81 a 13.94 a 
  Jupiter 3.90 ab 3.65 4.92  12.43 ab 6.54 bc 
P value <.0001 0.1333 0.0025 0.0001 <.0001 
      
Storage      
  Day 0 3.68 3.61 4.47  7.27 5.06 
  Day 7 3.33 3.70 4.46  8.82 6.87 
  Day 14 3.41 3.17 4.67  9.42 8.23 
  Day 21 3.50 3.45 5.42  10.73 9.65 
P value 0.5675 0.4203 0.0108 0.7005 0.2249 
      
CV X S (P 
value) 
0.2249 . 0.0002 0.9999 0.9361 
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Table 10 Cont.  Mean and interaction effects of berry and marketability attributes at harvest 
and during storage (0, 7, 14, and 21 d) at 2° C for four table grape cultivars (Faith, Gratitude, 
Hope, and Jupiter) grown under field conditions at Clarksville, AR in 2018 and 2019 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
yBerry weight (g) of a single berry, averaged from a 5-berry sample taken per 3 clamshells, 
n=15 
yL represents lightness on a scale of 0 (opaque) to transparent (100) 
xRupture force (N) is the firmness of a single berry, averaged from a 5-berry sample taken per 
3 clamshells, n=15 
wSkin elasticity (mm) is the distance traveled prior to penetration of a single berry, averaged 
from a 5-berry sample taken per 3 clamshells, n=15 
vPercent drop was calculated as total number of detached berries/total number of berries in 
the clamshell x 100 and is expressed as a percentage 
uPercentage decay was calculated as total number of decayed berries/total number of berries 





Table 11.  Main and interaction effects for berry composition attributes for four table grape 
cultivars (Faith, Gratitude, Hope, and Jupiter) grown under outdoor conditions at harvest and 










Cultivar (CV)      
  Faith 20.27 3.91 0.55 181.14 4.31 
  Gratitude 17.63 3.88 0.57 153.65 4.82 
  Hope 16.16 3.61 0.66 150.42 4.19 
  Jupiter 18.36 4.12 0.50 . . 
P value <.0001 <.0001 <.0001 0.0012 0.0950 
      
Storage (S)      
  Day 0 18.38 3.91 0.49 176.65 4.51 AB 
  Day 7 17.84 3.86 0.53 131.13 3.78 B 
  Day 14 17.83 3.91 0.60 157.27 4.59 AB 
  Day 21 18.37 3.83 0.66 181.91 4.89 A 
P value 0.0523 0.0701 <.0001 <.0001 0.0217 
      
CV X S (P 
value) 
0.0351 0.0047 <.0001 0.0009 0.1412 
      
2019 
CV      
  Faith 15.73 3.39 1.30 175.80 B 13.18 
  Gratitude 16.52 3.84 0.62 212.36 A 7.29 
  Hope 15.03 3.70 0.66 176.07 B 6.54 
  Jupiter 16.74 3.92 0.64 199.25 A 7.11 
P value <.0001 <.0001 <.0001 <.0001 <.0001 
      
Storage      
  Day 0 15.57 3.75 0.66 181.67 B 9.03 
  Day 7 16.54 3.73 0.63 200.67 A 8.17 
  Day 14 15.73 3.68 1.03 194.28 AB 9.34 
  Day 21 16.19 3.68 0.90 186.92 AB 7.58 
P value 0.0155 0.3092 <.0001 0.0429 0.0016 
CV X S (P 
value) 
0.0467 0.0221 0.0002 0.9021 0.0036 
      
 
171 
Table 11 Cont.  Main and interaction effects for berry composition attributes for four table 
grape cultivars (Faith, Gratitude, Hope, and Jupiter) grown under outdoor conditions at 
harvest and during storage (0, 7, 14, and 21 d) at 2° C at Clarksville, AR in 2018 and 2019. 
zMeans followed by the same letter within each column are not significantly different at P = 
0.05 
y Soluble solids (%) in one drop of juice, averaged from 50-berry juice samples from 3 
clamshells, n=150 
xpH of 50 mL of juice, averaged from 50-berry juice samples from 3 clamshells, n=150  
wTitratable acidity in approximately 6 g of juice expressed as a percentage of tartaric acid, 
averaged from 50-berry juice samples from 3 clamshells, n=150 
vTotal organic sugars are constituted by glucose and fructose. 





Chapter 2 Figures.  
 
Fig. 1. Average monthly cumulative rainfall from March-August 2018 and 2019 at the University 
of Arkansas System Division of Agriculture Fruit Research Station (Clarksville, AR).  








Fig. 2. Average monthly high and low temperatures from January-August 2018 and 2019 at the 
University of Arkansas System Division of Agriculture Fruit Research Station (Clarksville, AR).  
























Fig. 3. Cultivar by treatment interaction of decay for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018.  





































Fig. 4. Cultivar by storage interaction for rupture force of three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  












































































Fig. 5. Cultivar by storage interaction of skin elasticity for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  










































































Fig. 6. Cultivar by thinning interaction of soluble solids for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018.  












































Fig. 7.  Cultivar by thinning interaction of pH for three table grape cultivars (Faith, Gratitude, 
and Jupiter) with two cluster thinning applications (none and pea-size) grown under a high 
tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  













































Fig. 8. Cultivar by thinning interaction of titratable acidity for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018. 








































Fig. 9. Cultivar by storage interaction of soluble solids for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018.  








































Fig. 10. Cultivar by storage interaction of pH for three table grape cultivars (Faith, Gratitude, 
and Jupiter) with two cluster thinning applications (none and pea-size) grown under a high 
tunnel at Fayetteville, AR in 2018 (A) and 2019 (B). 































































Fig. 11. Cultivar by storage of titratable acidity interaction for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2018 (A) and 2019 (B).  

















































































Fig. 12. Cultivar by thinning interaction of rupture force for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2019.  










































Fig. 13. Cultivar by thinning interaction of skin elasticity for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2019.  






































Fig. 14. Cultivar by thinning of berry drop interaction for three table grape cultivars (Faith, 
Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown under 
a high tunnel at Fayetteville, AR in 2019.  



































Fig. 15. Cultivar by storage of total organic acids interaction for three table grape cultivars 
(Faith, Gratitude, and Jupiter) with two cluster thinning applications (none and pea-size) grown 
under a high tunnel at Fayetteville, AR in 2019.  


















































Fig. 16. Thinning by storage mean interaction for skin elasticity of two table grape cultivars 
(Hope and Jupiter) with three cluster thinning applications (none, pea-size, and veraison) grown 
under a high tunnel at Cabot, AR in 2019. 
















































Fig. 17. Cultivar by thinning mean interaction for berry drop of two table grape cultivars (Hope 
and Jupiter) with three cluster thinning applications (none, pea-size, and veraison) grown under 
a high tunnel at Cabot, AR in 2019. 

















































Fig. 18. Cultivar by treatment mean interaction of total organic sugars for two table grape 
cultivars (Hope and Jupiter) with three cluster thinning applications (none, pea-size, and 
veraison) grown under a high tunnel at Cabot, AR in 2019.  





































Fig. 19. Cultivar by storage mean interaction of pH for two table grape cultivars (Hope and 
Jupiter) with three cluster thinning applications (none, pea-size, and veraison) grown under a 
high tunnel at Cabot, AR in 2019.  


























Fig. 20. Cultivar by storage mean interaction of total organic acids for two table grape cultivars 
(Hope and Jupiter) with three cluster thinning applications (none, pea-size, and veraison) grown 
under a high tunnel at Cabot, AR in 2019.  











































Fig. 21. Cultivar by storage interaction of rupture force for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018.  











































Fig. 22. Cultivar by storage interaction of skin elasticity for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018 (A) and 
2019 (B).  




















































































Fig. 23. Cultivar by storage interaction of berry drop for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018.  











































Fig. 24. Cultivar by storage interaction of decay for four table grape cultivars (Faith, Gratitude, 
Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018.  









































Fig. 25. Cultivar by storage interaction of soluble solids for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018 (A) and 
2019 (B). 















































































Fig. 26. Cultivar by storage interaction of pH for four table grape cultivars (Faith, Gratitude, 
Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018 (A) and 2019 (B). 

































































Fig. 27. Cultivar by storage interaction of titratable acidity for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018 (A) and 
2019 (B).  














































































Fig. 28. Cultivar by storage interaction of total organic sugars for three table grape cultivars 
(Faith, Gratitude, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2018.  



































Fig. 29. Cultivar by storage interaction of total organic acids for four table grape cultivars (Faith, 
Gratitude, Hope, and Jupiter) grown under outdoor conditions at Clarksville, AR in 2019.  










































Fig. 30. Mean percentage decay of ‘Jupiter’ at four storage times (day 0, 7, 14, and 21) at 2° C at 













Fig. 31. Mean percentage berry drop of ‘Jupiter’ at four storage times (day 0, 7, 14, and 21) at 








Table grape production is typically limited in the southeastern region of the United 
States due to many biotic an abiotic challenge. In this study, four Arkansas table grape cultivars 
were grown under high tunnel conditions to test for fruit quality within this type of controlled 
environment growing system. Four different Arkansas cultivars were tested: Faith, Gratitue, 
Hope, and Jupiter. These culitvars were also sampled from a conventional field location for 
comparision purposes. Different treatments of cluster thinning were applied to the high tunnel 
– grown grapes to assess any affects this practice have for postharvest marketability attributes. 
The table grapes were assessed extansively on the day of harvest as well as during three 
storage times across a three-week time frame. On the day of harvest, the cultivars Jupiter and 
Gratitude appear to consistently have positive marketability traits in regards to flavor, texture, 
color, and berry size. High tunnel-grown grapes exhibited lower leves of decay and berry drop 
in comparsion to the field site. Cluster thinning did not have much notable impact upon table 
grape quality at harvest for the high tunnel-grown grapes. During storage, ‘Gratitude’ and 
‘Hope’ appeared to perform well in regards to many marketabiilyt traits including firmness, low 
berry drop, low decay, and rich berry coloration. The cultivar Faith had high rates of decay and 
tended to diminish in positive marketability aspects during storage more so than the other 
cultivars. Overall, the cultivar Gratitude had the highest quality at all stages of this experiment, 
while the cultivar Faith had the lowest marketabily quality. For storage purposes, cluster 
thinning treatments did not have notable effects on berry quality. Thus, cluster thinning 
practices may not be necessary for enhancing fruit quality of high-tunnel-grown table grapes. 
Further, the high tunnel-grown grapes appear to have similar or improved measurements of 
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marketability during storage in comparison to the field site. Based on these observations of the 
table grapes at harveset and during postharvest storage analyses, high tunnel technology may 



















Appendix 1. Pesticide Spray Records 
2018 Pesticide Spray Records Applied at Fayetteville, AR  
Date Product Rate Product 
per app 




3/7/2018 Sulforix 1g/A 0.09 
gallons 
  
4/11/2018 Pristine 23oz/A 58.7g 19.6g 3  
Manzate 2lbs/A 81.6g 27.2g 
 
4/23/2018 Captan Gold 2lbs/A 81.6g 20.4g 4  
Rally 40WSP 5oz/A 12.8g 3.2g 
 
      
5/9/2018 Manzate 2lbs/A 81.6g 16.3g 5  
Rally 40WSP 5oz/A 12.8g 2.6g 
 
5/22/2018 Pristine 23oz/A 58.7g 11.7g 5  
Mustang Maxx 4oz/acre 10.6ml 2.1ml 
 
6/8/2018 Captan Gold 2lbs/A 81.6g 16.3g 5  
Rally 40WSP 5oz/A 12.8g 2.6g 
 
 
Mustang Maxx 4oz/acre 10.6ml 2.1ml 
 
6/20/2018 Pristine 23oz/A 58.7g 11.7g 5  
Mustang Maxx 4oz/acre 10.6ml 2.1ml 
 
7/3/2018 Zeal 3oz/A 
  
3 




   
8/16/2018 Captan Gold 2lbs/A 81.6g 16.3g 3  












2018 Pesticide Spray Schedule 2018: Cabot - Front half organic, back half 
conventional (0.13 acres/2 = 0.065 acre per treat) 






3/8/2018 Sulforix 1g/A 0.13 gallons 
  
4/13/2018 Pristine 23oz/A 42.4g 21.2g 2+2  













4qts/A 8.3oz 4.2oz 
 
5/16/2018 Manzate 2lbs/A 59.0g 29.5g 2+2  
Rally 
40WSP 





4qts/A 8.3oz 4.2oz 
 
5/29/2018 Pristine 23oz/A 42.4g 21.2g 2+2  
Serenade 
(org) 


















4qts/A 8.3oz 4.2oz 
 
 
Pyganic 32oz/A 61.5ml 30.8ml 
 
6/27/2018 Pristine 23oz/A 42.4g 21.2g 2+2  
Mustang 
Maxx 
























2019 High Tunnel grape project Pesticide Spray Schedule 2019: Fayetteville (0.09 acres) 




3/7/2018 Sulforix 1g/A 0.09 gallons   
4/11/2018 Pristine 23oz/A 58.7g 19.6g 3 
 Manzate 2lbs/A 81.6g 27.2g  
4/23/2018 Captan Gold 2lbs/A 81.6g 20.4g 4 
 Rally 40WSP 5oz/A 12.8g 3.2g  
5/9/2018 Manzate 2lbs/A 81.6g 16.3g 5 
 Rally 40WSP 5oz/A 12.8g 2.6g  
5/22/2018 Pristine 23oz/A 58.7g 11.7g 5 
 Mustang Maxx 4oz/acre 10.6ml 2.1ml  
6/8/2018 Captan Gold 2lbs/A 81.6g 16.3g 5 
 Rally 40WSP 5oz/A 12.8g 2.6g  
 Mustang Maxx 4oz/acre 10.6ml 2.1ml  
6/20/2018 Pristine 23oz/A 58.7g 11.7g 5 
 Mustang Maxx 4oz/acre 10.6ml 2.1ml  
7/3/2018 Zeal 3oz/A   3 
7/18/2018 Cueva 2gal/100gal H2O   3 
 PyGanic 16oz/acre    
8/16/2018 Captan Gold 2lbs/A 81.6ml 16.3ml 3 













2019 High Tunnel grape project Pesticide Spray Schedule 2019: Cabot 
Date Product Rate 
Product 
per app Per 2.5 gal tank: 
Tanks 
Needed: 
3/21/2019 Sulforix 1g/A 
0.09 
gallons  
4/9/2019 Pristine 23oz/A 58.7g 19.6g 3 
 Manzate 2lbs/A 81.6g 27.2g  
4/19/2019 Captan Gold 2lbs/A 81.6g 20.4g 4 
 Rally 40WSP 5oz/A 12.8g 3.2g  
4/26/2019 Manzate 2lbs/A 81.6g 27.2g 3 
 Rally 40WSP 5oz/A 12.8g 4.3g  
5/10/2019 Captan Gold 2lbs/A 81.6g 16.3g 5 
 
Mustang 
Maxx 4oz/A 10.6ml 2.1ml  
5/17/2019 Pristine 23oz/A 58.7g 11.7g 5 
6/10/2019 Rally 40WSP 5oz/A 12.8g 2.6g 5 
 
Mustang 
Maxx 4oz/A 10.6ml 2.1ml  
6/24/2019 Pristine 23oz/A 58.7g 11.7g 5 
 Cueva 0.5gal/A 170.5ml 34.1ml  
7/8/2019 Quadris Top 14oz/A 37.3ml 7.5ml 5 












Appendix 2. Analysis of Variance Tables 
Chapter 1 Analysis of Variance Tables  
2018 Fayetteville Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 2 1.2209849 0.3291 
 Thinning  1 0.0122147 0.9138 
 Cultivar*Thinning  2 0.3790918 0.6924 
Berry Weight (g) Cultivar 2 11.149286 0.0018* 
 Thinning  1 3.1044227 0.1035 
 Cultivar*Thinning  2 0.9508325 0.4137 
Length (mm) Cultivar 2 3.7009631 0.0560 
 Thinning  1 4.2544193 0.0615 
 Cultivar*Thinning  2 2.7127547 0.1067 
Width (mm) Cultivar 2 17.377931 0.0003* 
 Thinning  1 1.317999 0.2733 
 Cultivar*Thinning  2 1.4338049 0.2765 
Decay (%) Cultivar 1 5.7800033 0.0175* 
 Thinning  2 1.5205877 0.2411 
 Cultivar*Thinning  1 1.2379681 0.3245 
pH Cultivar 2 41.731797 <.0001 
 Thinning  1 8.1437788 0.0145 
 Cultivar*Thinning  2 1.3170507 0.3040 
Soluble Solids (%) Cultivar 2 15.291 0.0005 
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2018 Fayetteville Marketabiliyt Analysis of Variance Table Cont. 
Quality Source DF F Ratio Prob > F 
 Thinning  1 7.056 0.0209 
 Cultivar*Thinning  2 2.433 0.1297 
Titratable acidity (%) Cultivar 2 39.421377 <.0001 
 Thinning  1 1.2302322 0.2891 
 Cultivar*Thinning  2 1.6231206 0.2377 
Rupture force (N) Cultivar 2 242.1094 <.0001 
 Thinning  1 6.1102907 0.0294 
 Cultivar*Thinning  2 2.8400152 0.0978 
Skin elasticity (mm) Cultivar 2 35.419964 <.0001 
 Thinning  1 1.6186896 0.2274 















2018 Fayetteville Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 2 139.45528 <.0001* 
 Thinning  1 0.9263461 0.3548 
 Cultivar*Thinning  2 0.289796 0.7535 
Chroma Cultivar 2 283.2271 <.0001* 
 Thinning  1 3.6359703 0.0808 
 Cultivar*Thinning  2 7.7345287 0.0070* 
Hue Cultivar 2 1.5162205 0.2588 
 Thinning  1 2.7119666 0.1255 


















2018 Fayetteville Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 2 13.258854 0.0009* 
 Thinning  1 9.7214478 0.0089* 
 Cultivar*Thinning  2 4.414969 0.0366* 
Fructose Cultivar 2 13.340032 0.0009* 
 Thinning  1 9.5088424 0.0095* 
 Cultivar*Thinning  2 4.4192717 0.0365* 
Citric Acid Cultivar 2 114.47082 <.0001* 
 Thinning  1 10.732196 0.0066* 
 Cultivar*Thinning  2 5.9401696 0.0161* 
Tartaric Acid Cultivar 2 14.752437 0.0006* 
 Thinning  1 0.7796504 0.3946 
 Cultivar*Thinning  2 2.845958 0.0974 
Malic Acid Cultivar 1 16.826044 0.0003* 
 Thinning  2 1.0408788 0.3277 











2019 Fayetteville Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 2 1.7821722 0.2100 
 Thinning  1 10.625616 0.0068* 
 Cultivar*Thinning  2 1.8076439 0.2060 
Berry Weight (g) Cultivar 2 2.0730764 0.1685 
 Thinning  1 0.2931004 0.5981 
 Cultivar*Thinning  2 0.8971461 0.4334 
Length (mm) Cultivar 2 0.8669254 0.4450 
 Thinning  1 5.2752487 0.0404* 
 Cultivar*Thinning  2 0.5836443 0.5729 
Width (mm) Cultivar 2 1.0496862 0.3801 
 Thinning  1 0.0013404 0.9714 
 Cultivar*Thinning  2 1.8966475 0.1924 
Decay (%) Cultivar 1 8.0461934 0.0061* 
 Thinning  2 1.5331114 0.2393 
 Cultivar*Thinning  1 0.5711965 0.5795 
pH Cultivar 2 12.429129 0.0012* 
 Thinning  1 0.0191332 0.8923 
 Cultivar*Thinning  2 3.6505271 0.0578 
Soluble Solids (%) Cultivar 2 1.6772292 0.2279 
 Thinning  1 1.7832345 0.2065 
 Cultivar*Thinning  2 15.882922 0.0004* 
Titratable acidity (%) Cultivar 2 20.188716 0.0001* 
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2019 Fayetteville Marketability Analysis of Variance Table Cont. 
Quality Source DF F Ratio Prob > F 
 Thinning  1 1.128518 0.3090 
 Cultivar*Thinning  2 6.065026 0.0151* 
Rupture force (N) Cultivar 2 2.4222468 0.1307 
 Thinning  1 2.2664759 0.1581 
 Cultivar*Thinning  2 0.5440949 0.5940 
Skin elasticity (mm) Cultivar 2 0.6402424 0.5443 
 Thinning  1 7.3776607 0.0187* 



















2019 Fayetteville Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 2 4.2350744 0.0406* 
 Thinning  1 0.4399858 0.5197 
 Cultivar*Thinning  2 2.2737811 0.1454 
Chroma Cultivar 2 12.980161 0.0010* 
 Thinning  1 1.3250815 0.2721 
 Cultivar*Thinning  2 4.8290741 0.0289* 
Hue Cultivar 2 4.4813457 0.0352* 
 Thinning  1 0.1386574 0.7161 


















2019 Fayetteville Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 2 338.15574 <.0001* 
 Thinning  1 8.907254 0.0114* 
 Cultivar*Thinning  2 6.7084258 0.0111* 
Fructose Cultivar 2 335.98376 <.0001* 
 Thinning  1 9.9300221 0.0084* 
 Cultivar*Thinning  2 6.6627396 0.0113* 
Citric Acid Cultivar 2 4.0273298 0.0459* 
 Thinning  1 0.1786086 0.6800 
 Cultivar*Thinning  2 1.4262268 0.2782 
Tartaric Acid Cultivar 2 11.18107 0.0018* 
 Thinning  1 1.4006051 0.2595 
 Cultivar*Thinning  2 2.0679038 0.1692 
Malic Acid Cultivar 1 0.2684327 0.7690 
 Thinning  2 0.1311931 0.7235 











2018 Cabot Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar . . . 
 Thinning  1 2.3009221 0.1813 
 Cultivar*Thinning  . . . 
Berry Weight (g) Cultivar 1 10.079596 0.0080* 
 Thinning  2 3.5019929 0.0634 
 Cultivar*Thinning  2 0.3134895 0.7367 
Length (mm) Cultivar 1 8.4572198 0.0131* 
 Thinning  2 3.9656962 0.0476* 
 Cultivar*Thinning  2 0.5754405 0.5772 
Width (mm) Cultivar 1 23.912738 0.0004* 
 Thinning  2 4.2034251 0.0413* 
 Cultivar*Thinning  2 0.1165552 0.8910 
Decay (%) Cultivar . . . 
 Thinning  2 0.4306047 0.6687 
 Cultivar*Thinning  . . . 
pH Cultivar 1 79.262945 <.0001* 
 Thinning  2 0.3527508 0.7098 
 Cultivar*Thinning  2 2.0614887 0.1700 
Soluble Solids (%) Cultivar 1 6.6336336 0.0243* 
 Thinning  2 4.2552553 0.0401* 




2018 Cabot Marketability Analysis of Variance Table Cont. 
Quality Source DF F Ratio Prob > F 
Titratable acidity (%) Cultivar 1 19.199886 0.0009* 
 Thinning  2 2.6072122 0.1147 
 Cultivar*Thinning  2 9.8175823 0.0030* 
Rupture force (N) Cultivar 1 239.0446 <.0001* 
 Thinning  2 0.2357413 0.7936 
 Cultivar*Thinning  2 0.1526944 0.8600 
Skin elasticity (mm) Cultivar 1 22.828064 0.0005* 
 Thinning  2 0.5343364 0.5994 


















2018 Cabot Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 1 208.60475 <.0001* 
 Thinning  2 0.6763016 0.5269 
 Cultivar*Thinning  2 0.2212415 0.8047 
Chroma Cultivar 1 78.467737 <.0001* 
 Thinning  2 2.4325161 0.1298 
 Cultivar*Thinning  2 0.159258 0.8545 
Hue Cultivar 1 2.2764433 0.1572 
 Thinning  2 1.3994536 0.2843 


















2018 Cabot Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 13.597746 0.0031* 
 Thinning  2 3.2023969 0.0768 
 Cultivar*Thinning  2 14.576521 0.0006* 
Fructose Cultivar 1 0.6071703 0.4509 
 Thinning  2 0.7647188 0.4869 
 Cultivar*Thinning  2 4.3007472 0.0391* 
Citric Acid Cultivar 1 5.1530342 0.0424* 
 Thinning  2 0.4465535 0.6500 
 Gnotype*Thinning  2 0.2186211 0.8068 
Tartaric Acid Cultivar 1 0.2061577 0.6579 
 Thinning  2 0.5598393 0.5855 
 Cultivar*Thinning  2 1.6651447 0.2300 
Malic Acid Cultivar 1 5.7209559 0.0340* 
 Thinning  2 0.6995243 0.5160 











2019 Cabot Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 1 22.679735 0.0005* 
 Thinning  1 2.9191165 0.0927 
 Cultivar*Thinning  2 2.7045393 0.1073 
Berry Weight (g) Cultivar 1 9.5642243 0.0093* 
 Thinning  2 2.1590557 0.1581 
 Cultivar*Thinning  2 0.6207823 0.5539 
Length (mm) Cultivar 1 0.2365143 0.6355 
 Thinning  2 1.8884339 0.1936 
 Cultivar*Thinning  2 0.0080866 0.9920 
Width (mm) Cultivar 1 35.130094 <.0001* 
 Thinning  2 1.8553374 0.1986 
 Cultivar*Thinning  2 0.5879347 0.5707 
Decay (%) Cultivar 1 5.1900415 0.0418* 
 Thinning  2 0.5294502 0.6021 
 Cultivar*Thinning  2 0.3546706 0.7085 
pH Cultivar 1 18.189922 0.0011* 
 Thinning  2 0.5593321 0.5858 
 Cultivar*Thinning  2 0.5092427 0.6134 
Soluble Solids (%) Cultivar 1 7.4922316 0.0180* 
 Thinning  2 13.582627 0.0008* 
 Cultivar*Thinning  2 0.6871469 0.5217 
Titratable acidity (%) Cultivar 1 0.7266718 0.4107 
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2019 Cabot Marketability Analysis of Variance Table Cont. 
Quality Source DF F Ratio Prob > F 
 Thinning  2 2.8957899 0.0941 
 Cultivar*Thinning  2 1.919512 0.1891 
Rupture force (N) Cultivar 1 31.469807 0.0001* 
 Thinning  2 1.3401116 0.2983 
 Cultivar*Thinning  2 0.3757951 0.6945 
Skin elasticity (mm) Cultivar 1 16.030514 0.0017* 
 Thinning  2 1.1347118 0.3537 



















2019 Cabot Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 1 52.414573 <.0001* 
 Thinning  2 1.1715595 0.3429 
 Cultivar*Thinning  2 2.7994813 0.1005 
Chroma Cultivar 1 72.737522 <.0001* 
 Thinning  2 1.4350227 0.2762 
 Cultivar*Thinning  2 2.3528391 0.1374 
Hue Cultivar 1 10.482641 0.0071* 
 Thinning  2 0.9909012 0.3997 


















2019 Cabot Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 0.0199582 0.8900 
 Thinning  2 4.8535108 0.0285* 
 Cultivar*Thinning  2 0.54161 0.5954 
Fructose Cultivar 1 3.3607707 0.0917 
 Thinning  2 3.9900585 0.0469* 
 Cultivar*Thinning  2 0.8397557 0.4557 
Citric Acid Cultivar 1 5.7580305 0.0335* 
 Thinning  2 0.9920886 0.3993 
 Cultivar*Thinning  2 1.3254538 0.3019 
Tartaric Acid Cultivar 1 11.920721 0.0048* 
 Thinning  2 6.120011 0.0147* 
 Cultivar*Thinning  2 0.6548371 0.5371 
Malic Acid Cultivar 1 4.774303 0.0494* 
 Thinning  2 4.1110129 0.0437* 











2018 Clarksville Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 3 18.252372 0.0006* 
Berry Weight (g) Cultivar 3 27.570509 0.0001* 
Length (mm) Cultivar 3 94.85996 <.0001* 
Width (mm) Cultivar 3 22.224835 0.0003* 
Decay (%) Cultivar 3 5.4256887 0.0249* 
pH Cultivar 3 29.727415 0.0001* 
Soluble Solids (%) Cultivar 3 30.227577 0.0001* 
Titratable acidity (%) Cultivar 3 84.241284 <.0001* 
Rupture force (N) Cultivar 3 32.698281 <.0001* 
















2018 Clarksville Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 3 148.54991 <.0001* 
Chroma Cultivar 3 36.191803 <.0001* 
























2018 Clarksville Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 303.58492 <.0001* 
Fructose Cultivar 1 353.62184 <.0001* 
Citric Acid Cultivar 1 137.70728 <.0001* 
Tartaric Acid Cultivar 1 29.415203 0.0001* 






















2019 Clarksville Marketability Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 3 3.3064809 0.0783 
Berry Weight (g) Cultivar 3 14.446669 0.0014* 
Length (mm) Cultivar 3 14.056254 0.0015* 
Width (mm) Cultivar 3 18.329118 0.0006* 
Decay (%) Cultivar 3 1.2276147 0.3613 
pH Cultivar 3 52.889034 <.0001* 
Soluble Solids (%) Cultivar 3 4.7791725 0.0342* 
Titratable acidity (%) Cultivar 3 431.86646 <.0001* 
Rupture force (N) Cultivar 3 31.469807 0.0001* 

















2019 Clarksville Color Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
L* Cultivar 3 97.305059 <.0001* 
Chroma Cultivar 3 149.56213 <.0001* 
























2019 Clarksville Organic Acids and Sugars Analysis of Variance Table 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 9.6621814 0.0049* 
Fructose Cultivar 1 6.9811106 0.0127* 
Citric Acid Cultivar 1 3.9953244 0.0520 
Tartaric Acid Cultivar 1 8.149348 0.0081* 






















Chapter 2 Analysis of Variance Tables  
2018 Fayetteville Marketability During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 2 6.2031412 0.0040* 
 Thinning  1 1.3216364 0.2560 
 Cultivar*Thinning  2 0.6794575 0.5117 
 Storage  3 5.0660923 0.0040* 
 Storage*Cultivar 6 0.2091436 0.9722 
 Storage*Thinning 3 0.2184633 0.8831 
 Storage*Cultivar*Thinning 6 0.0724202 0.9984 
Berry Weight (g) Cultivar 2 78.669419 <.0001* 
 Thinning  1 4.5358067 0.0383* 
 Cultivar*Thinning  2 3.072056 0.0555 
 Storage  3 2.0052626 0.1258 
 Storage*Cultivar 6 1.6658843 0.1500 
 Storage*Thinning 3 1.7555609 0.1683 
 Storage*Cultivar*Thinning 6 0.5055424 0.8011 
Rupture Force (N) Cultivar 2 15.455453 <.0001* 
 Thinning  1 1.3242257 0.2555 
 Cultivar*Thinning  2 1.3506724 0.2687 
 Storage  3 40.68497 <.0001* 
 Storage*Cultivar 6 16.208328 <.0001* 




2018 Fayetteville Marketability During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Storage*Cultivar*Thinning 6 0.9314922 0.4812 
Skin Elasticity (mm) Cultivar  2 62.765935 <.0001* 
 Thinning  1 0.1630069 0.6882 
 Cultivar*Thinning  2 1.0317907 0.3641 
 Storage  3 12.662111 <.0001* 
 Storage*Cultivar 6 16.840452 <.0001* 
 Storage*Thinning 3 1.7816304 0.1632 
 Storage*Cultivar*Thinning 6 0.6453586 0.6935 
Decay (%) Cultivar 1 14.346959 <.0001* 
 Thinning  2 6.8646111 0.0117* 
 Cultivar*Thinning  1 4.8221133 0.0123* 
 Storage  3 6.7188373 0.0007* 
 Storage*Cultivar 6 0.159478 0.9861 
 Storage*Thinning 3 0.6291104 0.5998 











2018 Fayetteville Color During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar 2 276.62539 <.0001* 
 Thinning  1 1.5030373 0.2262 
 Cultivar*Thinning  2 2.3147473 0.1097 
 Storage  3 0.3757666 0.7709 
 Storage*Cultivar 6 1.2101446 0.3175 
 Storage*Thinning 3 0.4986707 0.6850 
 Storage*Cultivar*Thinning 6 0.2485623 0.9576 
Chroma Cultivar 2 486.93962 <.0001* 
 Thinning  1 9.4280353 0.0035* 
 Cultivar*Thinning  2 3.1861993 0.0502 
 Storage  3 1.1451701 0.3404 
 Storage*Cultivar 6 1.8276524 0.1135 
 Storage*Thinning 3 1.1509511 0.3382 
 Storage*Cultivar*Thinning 6 1.1178424 0.3662 
Hue Cultivar 2 17.271948 <.0001* 
 Thinning  1 1.4196689 0.2393 
 Cultivar*Thinning  2 0.4536975 0.6380 
 Storage  3 1.2598158 0.2987 
 Storage*Cultivar 6 1.1827135 0.3314 
 Storage*Thinning 3 1.4471168 0.2408 




2018 Fayetteville Organic Acids and Sugars During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 2 19.666409 <.0001* 
 Thinning  1 38.084937 <.0001* 
 Cultivar*Thinning  2 71.424885 <.0001* 
 Storage  3 7.8971725 0.0011* 
 Storage*Cultivar 6 12.432737 <.0001* 
 Storage*Thinning 3 4.7165195 0.0008* 
 Storage*Cultivar*Thinning 6 6.7601712 0.0007* 
Fructose Cultivar 2 46.435677 <.0001* 
 Thinning  1 27.670065 <.0001* 
 Cultivar*Thinning  2 186.42483 <.0001* 
 Storage  3 3.807764 0.0292* 
 Storage*Cultivar 6 33.316413 <.0001* 
 Storage*Thinning 3 5.7627056 0.0019* 
 Storage*Cultivar*Thinning 6 2.9238799 0.0164* 
Citric Acid Cultivar 2 38.049483 <.0001* 
 Thinning  1 2.5121201 0.1195 
 Cultivar*Thinning  2 21.001504 <.0001* 
 Storage  3 0.8960936 0.4149 
 Storage*Cultivar 6 3.5287029 0.0057* 
 Storage*Thinning 3 2.1974308 0.1005 
 Storage*Cultivar*Thinning 6 1.554442 0.1811 
Tartaric Acid Cultivar  2 5.5506141 0.0068* 
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2018 Fayetteville Organic Acids and Sugars During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Thinning  1 1.8977106 0.1747 
 Cultivar*Thinning  2 1.6840656 0.1829 
 Storage  3 2.1065721 0.1328 
 Storage*Cultivar 6 3.1350763 0.0113* 
 Storage*Thinning 3 1.5745513 0.2077 
 Storage*Cultivar*Thinning 6 1.3520571 0.2532 
Malic Acid Cultivar 1 6.1515024 0.0042* 
 Thinning  2 1.3752519 0.2467 
 Cultivar*Thinning  1 6.9624385 0.0006* 
 Storage  3 6.4798978 0.0032* 
 Storage*Cultivar 6 2.493679 0.0351* 
 Storage*Thinning 3 0.1470785 0.9311 













2019 Fayetteville Marketability During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 2 4.7165997 0.0135* 
 Thinning  1 44.80063 <.0001* 
 Cultivar*Thinning  2 6.3320819 0.0036* 
 Storage  3 2.5137693 0.0695 
 Storage*Cultivar 6 0.0109208 1.0000 
 Storage*Thinning 3 0.3036088 0.8226 
 Storage*Cultivar*Thinning 6 0.041063 0.9997 
Berry Weight (g) Cultivar 2 6.6950051 0.0027* 
 Thinning  1 0.3505599 0.5566 
 Cultivar*Thinning  2 2.2767429 0.1136 
 Storage  3 0.5277913 0.6653 
 Storage*Cultivar 6 1.6844196 0.1453 
 Storage*Thinning 3 0.3845674 0.7646 
 Storage*Cultivar*Thinning 6 1.7424958 0.1315 
Rupture Force (N) Cultivar 2 15.516153 <.0001* 
 Thinning  1 0.1382227 0.7117 
 Cultivar*Thinning  2 4.9292435 0.0113* 
 Storage  3 8.3870371 0.0001* 
 Storage*Cultivar 6 2.3212237 0.0477* 
 Storage*Thinning 3 1.5844053 0.2054 
 Storage*Cultivar*Thinning 6 2.2197668 0.0571 
Skin Elasticity (mm) Cultivar  2 45.219396 <.0001* 
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2019 Fayetteville Marketability During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Thinning  1 2.558128 0.1163 
 Cultivar*Thinning  2 4.4431542 0.0170* 
 Storage  3 2.8138442 0.0491* 
 Storage*Cultivar 6 3.6028894 0.0050* 
 Storage*Thinning 3 2.6571982 0.0589 
 Storage*Cultivar*Thinning 6 2.2912399 0.0503 
Decay (%) Cultivar 1 40.867378 <.0001* 
 Thinning  2 3.5741803 0.0647 
 Cultivar*Thinning  1 1.277426 0.2881 
 Storage  3 2.4786139 0.0724 
 Storage*Cultivar 6 0.8087341 0.5683 
 Storage*Thinning 3 0.0051333 0.9995 













2019 Fayetteville Color During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar 2 41.882315 <.0001* 
 Thinning  1 3.240253 0.0781 
 Cultivar*Thinning  2 1.9486842 0.1536 
 Storage  3 5.223507 0.0033* 
 Storage*Cultivar 6 4.8181526 0.0006* 
 Storage*Thinning 3 1.5516125 0.2133 
 Storage*Cultivar*Thinning 6 1.059118 0.4000 
Chroma Cultivar 2 94.608091 <.0001* 
 Thinning  1 2.6900544 0.1075 
 Cultivar*Thinning  2 9.3358247 0.0004* 
 Storage  3 12.882441 <.0001* 
 Storage*Cultivar 6 7.6738931 <.0001* 
 Storage*Thinning 3 3.2427131 0.0300* 
 Storage*Cultivar*Thinning 6 1.2719423 0.2880 
Hue Cultivar 2 4.5399621 0.0156* 
 Thinning  1 0.0362099 0.8499 
 Cultivar*Thinning  2 1.448048 0.2451 
 Storage  3 1.7790306 0.1637 
 Storage*Cultivar 6 0.6254505 0.7090 
 Storage*Thinning 3 0.0019166 0.9999 




2019 Fayetteville Organic Acids and Sugars During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 2 1054.2835 <.0001* 
 Thinning  1 51.473128 <.0001* 
 Cultivar*Thinning  2 521.64314 <.0001* 
 Storage  3 8.1994765 0.0009* 
 Storage*Cultivar 6 139.64742 <.0001* 
 Storage*Thinning 3 2.5368683 0.0677 
 Storage*Cultivar*Thinning 6 4.4645856 0.0011* 
Fructose Cultivar 2 1178.4824 <.0001* 
 Thinning  1 50.962271 <.0001* 
 Cultivar*Thinning  2 535.24835 <.0001* 
 Storage  3 7.0929463 0.0020* 
 Storage*Cultivar 6 145.72091 <.0001* 
 Storage*Thinning 3 2.5262205 0.0685 
 Storage*Cultivar*Thinning 6 4.1008603 0.0021* 
Citric Acid Cultivar 2 25.99518 <.0001* 
 Thinning  1 0.0370312 0.8482 
 Cultivar*Thinning  2 5.3303436 0.0030* 
 Storage  3 1.6052263 0.2114 
 Storage*Cultivar 6 0.2584384 0.9534 
 Storage*Thinning 3 0.3943391 0.7576 
 Storage*Cultivar*Thinning 6 0.3918668 0.8806 
Tartaric Acid Cultivar  2 2.2588128 0.1394 
 
240 
2019 Fayetteville Organic Acids and Sugars During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Thinning  1 32.124695 <.0001* 
 Cultivar*Thinning  2 2.222853 0.0976 
 Storage  3 3.0444196 0.0569 
 Storage*Cultivar 6 4.0291737 0.0024* 
 Storage*Thinning 3 3.5463233 0.0212* 
 Storage*Cultivar*Thinning 6 0.6445034 0.6941 
Malic Acid Cultivar 1 0.24438 0.7842 
 Thinning  2 5.5253159 0.0229* 
 Cultivar*Thinning  1 0.5763372 0.6334 
 Storage  3 0.0805936 0.9227 
 Storage*Cultivar 6 1.051434 0.4046 
 Storage*Thinning 3 1.6290047 0.1950 













2018 Cabot Marketability During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar . . . 
 Thinning  2 26.164697 <.0001* 
 Cultivar*Thinning  . . . 
 Storage  3 1.6269443 0.2094 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.5369085 0.7748 
 Storage*Cultivar*Thinning . . . 
Berry Weight (g) Cultivar . . . 
 Thinning  2 11.175476 0.0004* 
 Cultivar*Thinning  . . . 
 Storage  3 0.996343 0.4114 
 Storage*Cultivar . . . 
 Storage*Thinning 6 1.3264628 0.2839 
 Storage*Cultivar*Thinning . . . 
Rupture Force (N) Cultivar . . . 
 Thinning  2 1.1284391 0.3401 
 Cultivar*Thinning  . . . 
 Storage  3 103.31793 <.0001* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.4904201 0.8090 
 Storage*Cultivar*Thinning . . . 
2018 Cabot Marketability During Storage Analysis of Variance Cont. 
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Quality Source DF F Ratio Prob > F 
Skin Elasticity (mm) Cultivar  . . . 
 
 Thinning  2 5.5769083 0.0103* 
 Cultivar*Thinning  . . . 
 Storage  3 31.057125 <.0001* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 1.0582579 0.4141 
 Storage*Cultivar*Thinning . . . 
Decay (%) Cultivar . . . 
 Thinning  2 2.9287755 0.0728 
 Cultivar*Thinning  . . . 
 Storage  3 10.877058 0.0001* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.7451839 0.6189 













2018 Cabot Color During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar . . . 
 Thinning  2 0.12824 0.8802 
 Cultivar*Thinning  . . . 
 Storage  3 2.2867315 0.1043 
 Storage*Cultivar . . . 
 Storage*Thinning 6 1.271715 0.3071 
 Storage*Cultivar*Thinning . . . 
Chroma Cultivar . . . 
 Thinning  2 1.3911641 0.2681 
 Cultivar*Thinning  . . . 
 Storage  3 1.5142266 0.2363 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.9467781 0.4808 
 Storage*Cultivar*Thinning . . . 
Hue Cultivar . . . 
 Thinning  2 0.7660525 0.4759 
 Cultivar*Thinning  . . . 
 Storage  3 0.323305 0.8085 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.3995377 0.8719 




2018 Cabot Organic Acids and Sugars During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar . . . 
 Thinning  2 1.1433442 0.3355 
 Cultivar*Thinning  . . . 
 Storage  3 11.474279 <.0001* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 1.4160102 0.2494 
 Storage*Cultivar*Thinning . . . 
Fructose Cultivar . . . 
 Thinning  2 3.4383018 0.0486* 
 Cultivar*Thinning  . . . 
 Storage  3 93.319959 <.0001* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 4.055313 0.0060* 
 Storage*Cultivar*Thinning . . . 
Citric Acid Cultivar . . . 
 Thinning  2 1.9335313 0.1665 
 Cultivar*Thinning  . . . 
 Storage  3 9.5321999 0.0002* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 . . 




2018 Cabot Organic Acids and Sugars During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
Tartaric Acid Cultivar  . . . 
 Thinning  2 2.7577641 0.0835 
 Cultivar*Thinning  . . . 
 Storage  3 3.1806837 0.0422* 
 Storage*Cultivar . . . 
 Storage*Thinning 6 0.3754986 0.8873 
 Storage*Cultivar*Thinning . . . 
Malic Acid Cultivar . . . 
 Thinning  2 1.2769271 0.2972 
 Cultivar*Thinning  . . . 
 Storage  3 1.5749522 0.2214 
 Storage*Cultivar . . . 
 Storage*Thinning 6 1.1715639 0.3540 












2019 Cabot Marketability During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 1 102.93001 <.0001* 
 Thinning  2 10.991217 0.0001* 
 Cultivar*Thinning  2 11.306446 <.0001* 
 Storage  3 2.757051 0.0524 
 Storage*Cultivar 3 0.8719065 0.4622 
 Storage*Thinning 6 0.1345925 0.9911 
 Storage*Cultivar*Thinning 6 0.1428503 0.9896 
Berry Weight (g) Cultivar 1 40.567017 <.0001* 
 Thinning  2 1.1504059 0.3251 
 Cultivar*Thinning  2 0.408974 0.6666 
 Storage  3 1.2381454 0.3062 
 Storage*Cultivar 3 0.213245 0.8867 
 Storage*Thinning 6 1.0692581 0.3940 
 Storage*Cultivar*Thinning 6 1.0997744 0.3763 
Rupture Force (N) Cultivar 1 32.496769 <.0001* 
 Thinning  2 6.2431632 0.0039* 
 Cultivar*Thinning  2 0.3274916 0.7223 
 Storage  3 2.8872919 0.0451* 
 Storage*Cultivar 3 1.536432 0.2171 
 Storage*Thinning 6 1.7812893 0.1230 
 Storage*Cultivar*Thinning 6 1.0065807 0.4322 
Skin Elasticity (mm) Cultivar  1 21.35379 <.0001* 
 
247 
2019 Cabot Marketability During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Thinning  2 2.8721928 0.0663 
 Cultivar*Thinning  2 1.069162 0.3513 
 Storage  3 3.949062 0.0135* 
 Storage*Cultivar 3 1.5059676 0.2249 
 Storage*Thinning 6 2.3260074 0.0473* 
 Storage*Cultivar*Thinning 6 1.1137929 0.3684 
Decay (%) Cultivar 1 13.382327 0.0006* 
 Thinning  2 0.035914 0.9647 
 Cultivar*Thinning  2 1.0704699 0.3509 
 Storage  3 10.084585 <.0001* 
 Storage*Cultivar 3 0.6550086 0.5838 
 Storage*Thinning 6 0.1600023 0.9860 













2019 Cabot Color During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar 1 128.70457 <.0001* 
 Thinning  2 1.0797936 0.3478 
 Cultivar*Thinning  2 4.2378507 0.0202* 
 Storage  3 7.0517826 0.0005* 
 Storage*Cultivar 3 3.7683603 0.0165* 
 Storage*Thinning 6 2.1059917 0.0698 
 Storage*Cultivar*Thinning 6 1.6326018 0.1587 
Chroma Cultivar 1 164.78681 <.0001* 
 Thinning  2 2.224984 0.1191 
 Cultivar*Thinning  2 3.2321675 0.0482* 
 Storage  3 2.4351811 0.0762 
 Storage*Cultivar 3 0.5053972 0.6804 
 Storage*Thinning 6 0.9228409 0.4871 
 Storage*Cultivar*Thinning 6 1.6941956 0.1429 
Hue Cultivar 1 0.2634509 0.6101 
 Thinning  2 0.637354 0.5331 
 Cultivar*Thinning  2 0.6487454 0.5272 
 Storage  3 0.9485141 0.4247 
 Storage*Cultivar 3 0.96153 0.4186 
 Storage*Thinning 6 1.0328519 0.4159 




2019 Cabot Organic Acids and Sugars During Storage Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 1.4327778 0.2372 
 Thinning  2 22.468336 <.0001* 
 Cultivar*Thinning  3 1.249836 0.3022 
 Storage  2 3.9616867 0.0256* 
 Storage*Cultivar 3 1.4625214 0.2365 
 Storage*Thinning 6 1.5893249 0.1708 
 Storage*Cultivar*Thinning 6 0.5336888 0.7799 
Fructose Cultivar 1 3.0424248 0.0875 
 Thinning  2 22.022255 <.0001* 
 Cultivar*Thinning  3 1.7340076 0.1726 
 Storage  2 3.201581 0.0495* 
 Storage*Cultivar 3 1.8374028 0.1530 
 Storage*Thinning 6 1.4651089 0.2103 
 Storage*Cultivar*Thinning 6 0.614874 0.7173 
Citric Acid Cultivar 1 42.710541 <.0001* 
 Thinning  2 8.0430594 0.0010* 
 Cultivar*Thinning  3 2.488046 0.0716 
 Storage  2 1.6509524 0.2026 
 Storage*Cultivar 3 1.8676444 0.1477 
 Storage*Thinning 6 0.4391125 0.8490 
 Storage*Cultivar*Thinning 6 0.5762298 0.7473 
Tartaric Acid Cultivar  1 60.231773 <.0001* 
 
250 
2019 Cabot Organic Acids and Sugars During Storage Analysis of Variance Cont. 
Quality Source DF F Ratio Prob > F 
 
 Thinning  2 5.2858649 0.0084* 
 Cultivar*Thinning  3 1.6224378 0.1965 
 Storage  2 0.7579017 0.4742 
 Storage*Cultivar 3 2.6143763 0.0619 
 Storage*Thinning 6 1.2221868 0.3116 
 Storage*Cultivar*Thinning 6 1.1526232 0.3472 
Malic Acid Cultivar 1 8.2096541 0.0062* 
 Thinning  2 14.720463 <.0001* 
 Cultivar*Thinning  3 2.3720476 0.0820 
 Storage  2 2.675821 0.0791 
 Storage*Cultivar 3 1.0190635 0.3925 
 Storage*Thinning 6 0.5418368 0.7737 













2018 Clarksville Marketability Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 3 162.99981 <.0001* 
 Storage  3 7.8259685 0.0005* 
 Storage*Cultivar 9 2.3908126 0.0337* 
Berry Weight (g) Cultivar 3 46.170009 <.0001* 
 Storage  3 1.411622 0.2574 
 Storage*Cultivar 9 1.4866353 0.1951 
Rupture Force (N) Cultivar 3 26.223892 <.0001* 
 Storage  3 59.70866 <.0001* 
 Storage*Cultivar 9 5.3095583 0.0002* 
Skin Elasticity (mm) Cultivar  3 14.418707 <.0001* 
 Storage  3 7.6924484 0.0005* 
 Storage*Cultivar 9 8.3887754 <.0001* 
Decay (%) Cultivar 3 41.391922 <.0001* 
 Storage  3 15.318392 <.0001* 











2018 Clarksville Marketability Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar 3 314.30618 <.0001* 
 Storage  3 0.7312041 0.5410 
 Storage*Cultivar 9 1.5581189 0.1705 
Chroma Cultivar 3 246.49496 <.0001* 
 Storage  3 0.5143074 0.6754 
 Storage*Cultivar 9 0.6355405 0.7583 
Hue Cultivar 3 62.279973 <.0001* 
 Storage  3 0.5879735 0.6273 


















2018 Clarksville Organic Acids and Sugars Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 1 10.003736 0.0007* 
 Storage  3 9.140909 0.0003* 
 Storage*Cultivar 3 3.4173114 0.0140* 
Fructose Cultivar 1 7.7983605 0.0025* 
 Storage  3 17.398582 <.0001* 
 Storage*Cultivar 3 9.3452836 <.0001* 
Citric Acid Cultivar 1 4.9144068 0.0163* 
 Storage  3 17.37539 <.0001* 
 Storage*Cultivar 3 6.024729 0.0006* 
Tartaric Acid Cultivar  1 16.936422 <.0001* 
 Storage  3 8.6712284 0.0004* 
 Storage*Cultivar 3 3.1928666 0.0190* 
Malic Acid Cultivar 1 3.1109778 0.0629 
 Storage  3 1.4085015 0.2646 











2019 Clarksville Marketability Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Berry Drop (%) Cultivar 1 9.6376411 0.0001* 
 Storage  3 0.4770532 0.7005 
 Storage*Cultivar 3 0.059436 0.9999 
Berry Weight (g) Cultivar 1 23.976796 <.0001* 
 Storage  3 0.6854931 0.5675 
 Storage*Cultivar 3 1.4104493 0.2249 
Rupture Force (N) Cultivar 1 18.776618 0.0123* 
 Storage  3 .. . 
 Storage*Cultivar 3 . . 
Skin Elasticity (mm) Cultivar  1 5.9110854 0.0025* 
 Storage  3 4.3780702 0.0108* 
 Storage*Cultivar 3 5.4278419 0.0002* 
Decay (%) Cultivar 1 10.335076 <.0001* 
 Storage  3 1.532745 0.2249 











2019 Clarksville Color Analysis of Variance 
Quality Source DF F Ratio Prob > F 
L* Cultivar 3 164.70991 <.0001* 
 Storage  3 0.3572513 0.7842 
 Storage*Cultivar 9 0.7387291 0.6710 
Chroma Cultivar 3 414.33389 <.0001* 
 Storage  3 1.7112487 0.1844 
 Storage*Cultivar 9 1.1478009 0.3600 
Hue Cultivar 3 12.636455 <.0001* 
 Storage  3 0.5080673 0.6795 


















2019 Clarksville Organic Acids and Sugar Analysis of Variance 
Quality Source DF F Ratio Prob > F 
Glucose Cultivar 3 18.742433 <.0001* 
 Storage  3 3.3165906 0.0322* 
 Storage*Cultivar 9 0.4091939 0.9208 
Fructose Cultivar 3 11.930869 <.0001* 
 Storage  3 3.0033355 0.0448* 
 Storage*Cultivar 9 0.493451 0.8679 
Citric Acid Cultivar 3 13.007494 <.0001* 
 Storage  3 4.6010356 0.0087* 
 Storage*Cultivar 9 1.8028972 0.1064 
Tartaric Acid Cultivar  3 16.164606 <.0001* 
 Storage  3 2.7055664 0.0617 
 Storage*Cultivar 9 2.0100382 0.0710 
Malic Acid Cultivar 3 187.01519 <.0001* 
 Storage  3 6.7948694 0.0011* 
 Storage*Cultivar 9 3.6961265 0.0029* 
 
 
 
 
 
 
